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A REVISION OF THE GENERA AND OF THE AMERICAN 
SPECIES OF TRYPHONINI 


(Hymenoptera: Ichneumonidae) 
PaRT IT! 


HENRY K. TOWNES ann MARJORIE C. TOWNES, 


State College, Raleigh, North Carolina 


Genus Monoblastus 
Figures 22 to 31 

Vonoblastus Hartig, 1837. Wiegm. Arch. Naturg. 3:155. Type: Monoblastus 
caudatus Hartig. Designated by Viereck 1914 

Otoblastus Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande. 25: 201. New 
synonymy. Type: Tryphon Iluteomarginatus Gravenhorst. Included by 
Thomson 1883. 

Coeloconus Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 203 
New synonymy. Type: Jchneumon brachyacanthus Gmelin. Included by 
Morley 1912. 

Veleges Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 204. New 
synonymy. Type: 7ryphon proditor Gravenhorst. Included by Pfankuch 
1907. 

Catocentrus Walsh, 1873. Trans. St. Louis Acad. Sci. 3:89. New synonymy. 
Type: Tryphon philanthoides Cresson. Monobasic. 

Anelpistus Brauns, 1898. Arch. Ver. Freunde Naturg. Mecklenburg 51: 60. New 
synonymy; preoccupied by Horn 1870. Type: (Anelpistus bidentatus Brauns 
proditor Gravenhorst. Monobasic. 

Braunsianus Berg, 1898. Comunic. Mus. Buenos Aires 1:42. New name for 
Anelpistus Brauns. 

Idothrichus Schmiedeknecht, 1907. Hymen. Mittelur., p. 619. New synonymy. 
Type: Phaestus sericeus Brischke. Monobasic. 

Ovipositor sheath usually long and narrow; posterior mandibular 
condyles wider apart than are the eyes; second recurrent vein not strongly 
sigzagged. 

Fore wing 4.0 to 7.5 mm. long; body stout to rather slender; clypeus 
broad, with basal and apical sections meeting in a submedian transverse 
ridge to evenly convex, the apical margin with a fringe of unspecialized 
setae; cheek 0.1 to 0.3 as long as the basal width of the mandible; 
posterior mandibular condyles separated from each other by a distance 
equal to, or usually greater than that between the eyes at the level 
of the clypeal foveae; outer face of mandible at its basal 0.2 approxi- 


1Part I of this paper was published in the Annals of the Entomological Society 
of America, September 1949 (42: 321-395). 
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mately flat, coarsely punctate; occipital carina often incomplete below; 
frons rarely with a median horn that is hollowed out above; hind corner 
of pronotum often incrassate and more or less strongly projecting; 
subtegular ridge heavy and knee specialized; tegula convex, flat, or 
concave above; areolet present, oblique; second recurrent vein with the 
lower half straight and the upper half curved or somewhat sinuate or 
angled, though never strongly angled as in Tryphon, with two bullae 
that are well separated to nearly confluent; nervellus broken between 
its lower 0.25 and its upper 0.25; tarsal claws pectinate only basally 
to pectinate nearly to the apex; second tergite smooth or with a more or 
less distinct transverse postmedian groove, impunctate to strongly 
punctate; ovipositor sheath linear, a little broader basally, flexible in 
its basal 0.4 (fig. 22); ovipositor straight or weakly sinuate, tapered 
to a sharp point, usually about 1.3 as long as the apical depth of the 
abdomen (fig. 22). 

Monoblastus is related to Thibetoides, Chiloplatys, Dyspetus, Scolomus, 
Cosmoconus, and Tryphon, and seems to be near their prototype. 
Thibetoides and Chiloplatys are only little a from Monoblastus. 

Hartig proposed Monoblastus for the species of Tryphon carrying a 
single stalked egg on the ovipositor es: having apparently simple 
claws; a pecans for those carrying many eggs on the ovipositor 
and having pectinate claws. Until rather recently the name Mono- 
blastus has st err aaessiiale applied to Rhorus, a genus of Mesoletinae 
having simple eggs and pectinate claws. In Monoblastus, Hartig 
included several described species and a new species called Monoblastus 
caudatus. Viereck (1914, Bull. U. S. Nat. Mus. 83:97) stated that 
caudatus was the genotype because the genus was monobasic. Though 
his datum was incorrect, there seems no reason to discard his choice. 
Hartig’s ‘‘description” of Monoblastus caudatus consists only of a figure 
(plate 4, fig. 3) of the hi nale abdomer 1 in side view, with a stalked egg 
on the ovipositor. The figure, the most significant character of which 
is the length of the ovipositor, fits 3 rfectly Phaestus sericeus Brischke 
1892, and perhaps as well wc compunctor Gravenhorst 1829. It 
certainly is of a species of the genus Monoblastus as interpreted here, but 
present information does not prove its exact identity. 

The genus Monoblastus contains a diverse set of species, differing 
from one another in so many obvious structural characters as to suggest 
segregation into subgenera or additional genera. There is, however, a 
oe lack of correlation and an intergradation in the characters. 
The species know: s may be divided into four species groups as 


EXPLANATION OF PLATE III 
Fic. 19. Erromenus planus 9, end of abdomen. Fic. 19a. Erromenus planus 
, seventh tergite from behind Fic. 20. Erromenus caelator 9, end of abdomen. 
Fic. 20a. Erromenus caelator 2 , sever »f behind. Fic, 21. pi ng stom 
nasalis 2, end of abdomen 1G. 2 Erromenus nasalis 9, seventh tergite — 
behind. Fic. 22. Monoblastus feria 2, end of abdomen. Fic. 23. Monol astu 
innumerabilis, subtegular ridge ‘1G. 24. Monoblastus montezuma subtegular idee. 
Fic. 25. Monoblastus macer, subtegular ridge. Fic. 26. Monoblastus dionnet, 
subtegular ridge. Fu a4. fonoblastus kantacensts ar ridge. Fic. 28. 
Vonoblastus feria rossi, si ‘guli r ridge. Fic. 29. Monoblastus feria feria, sub 


egular ridge. Fic. 30 blas davisi, subtegular ridge. Fic. 31. Mono 


hlastus philanthoides, subt 





American Tryphonini 


Townes and Townes 


/9A 
/ 
AX 
ie 


19 E PLANUS 20. E CAELATOR 2/ E NASALIS 


23.M. INNUME RABILIS 


25.M. MACER 


26 M DIONNE/ 


27 M KAN/IACENS/S 


29 MM. FERIA FERIA 30. M. DAVIS! M. PHILANTHOIDES 


399 





400 Annals Entomological Society of America [Vol. XLII, 


treated below. The Palaearctic species mentioned have not before 
been referred to the genus Monoblastus. 

Macer group. Second tergite with very fine weak punctures, 
apparently impunctate; nervellus broken above the middle (sometimes at 
or below the middle in M. dionnet); epipleurum of third tergite about 4.0 
as long as wide; epipleurum of fourth tergite about 1.7 as long as wide 
and separated from its tergite by a crease only basally; hind corner 
of pronotum heavy and projecting; notaulus absent or represented by 
a weak broad groove; basal and apical halves of clypeus usually not 
completely separated by a transverse ridge. The Nearctic proximus, 
innumerabilis, montezuma, macer, and dionnei and the Palaearctic 
Ichneumon brachyacanthus Gmelin 1790 are included. The species 
dionnei is somewhat atypical. 

Davisi group. Second tergite with rather coarse punctures; nervellus 
broken below its middle; epipleurum of third tergite about 2.5 as long 
as wide; epipleurum of fourth tergite about 1.5 as long as wide, com- 
pletely separated by a crease; hind corner of pronotum very heavy and 
projecting; notaulus very strong. Only the Nearctic davisi is included. 

Feria group. Second tergite with distinct, rather close punctures; 
nervellus broken at or below its middle; epipleurum of the third and 
fourth tergites about 4.0 or 5.0 as long as wide (narrower in proditor), 
both completely separated by a crease; hind corner of pronotum normal, 
not heavy nor strongly projecting; notaulus absent or represented by a 
weak broad groove. A diverse set of species is included: the Nearctic 
kaniacensis, favonius, eurus, feria, and atroferia and the Palaearctic 
Tryphon compunctor Gravenhorst 1829, Phaestus sericeus Brischke 1892, 
and the aberrant Tryphon proditor Gravenhorst 1829. Of these, 
favonius and eurus and feria and atroferia form two closely knit 
subgroups. 

Philanthoides group. Second tergite coarsely to very finely punctate; 
nervellus broken below the middle; epipleura of third and fourth tergites 
vestigial; hind corner of pronotum normal, not heavy nor strongly 
projecting; notaulus absent or represented by a weak broad groove; 
clypeus usually evenly convex and evenly punctate, without a difference 
in color between its basal and apical halves. The Nearctic philanthoides, 
the Neotropic phaeopteris and melanopteris, and the Palaearctic Tryphon 
luteomarginatus Gravenhorst 1829 are included. Of these the two 
Neotropic species are very closely related to each other, the others 
more distantly. 


KEY TO THE AMERICAN SPECIES OF MONOBLASTUS 


First five tergites with a broad apical yellow margin, the rest of the abdomen 
black; face and pronotum black marked with yellow; hind femur black 
with the apex yellow; face and body very coarsely punctate (philanthotdes 
group, in part) ..12. philanthoides 

First five tergites not marked with yellow; face, pronotum, and hind femur 
not black marked with yellow; face and body less coarsely punctate... 2 

Wings brown or black; face finely and rather sparsely punctate, medially 
with the punctures separated by about 4 times their diameter; vertex 
with a prominent swelling just behind the ocelli; lateral propodeal carina 
obsolete or very blunt at the level of the spiracle (Neotropic species, 
part of the philanthoides group) 3 

Wings hyaline or subhvaline; face ratl 
medially with the punctures separated by less than their diameter and 
somewhat confluent; vertex without a prominent swelling; lateral pro- 
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podeal carina not obsolete or blunt at the level of the spiracle (Nearctic 
RN woth cy tanec adele shore tO site ass 

Head, thorax, abdomen, and legs fulvous, usually marked with dark brown; 
wings brown; first tergite about as wide at its basal corners as at its 
spiracles; occipital carina on below..............13. phaeopteris 

Head, thorax, and legs black, the abdomen red; wings black; first tergite 
conspicuously wider at its basal corners than at its spiracles; occipital 
carina joining the hypostomal carina about 0.8 the basal width of the 
mandible from its lower end....... ..........14. melanopteris 

Second tergite with very fine indis tinct pune tures or apparently impunctate; 
epipleurum of fourth tergite much wider than that of the third, not or 
incompletely separated from its tergite te a crease; nervellus broken 
above its middle except sometimes in M. dionnei pont group). 

Second tergite with distinct punctures; epipleurum of fourth tergite not 
conspicuously wider than that of the third, frequently very narrow, 
always separated from its tergite by a complete crease or carina; 
nervellus broken at or below its middle. : re ohne ees 

Subtegular ridge projecting upwards as a thin sharp- edged lamina (fig. 26); 
tegula flat above; basal and apical halves of clypeus separated by a 
rather strong angle. Bia avant 5. dionnei 

Subtegular ridge not forming an upwaré -ds- projec ting lamina whose entire 
upper edge is thin and sharp (figs. 23 to 25); tegula above either convex, 
concave, or irregularly shaped; basal and apical halves of clypeus not 
separated by a definite angle. ; Pisaaboes eck ite See aes Bid 

Tegula strongly concave above, its upper outer margin sharp and elevated; 
ventral end of combined occipital a ny ystomal carinae very high and 
projecting ventrally as a blunt tooth; antenna and first tergite excep- 
tionally long and slender ; sy se belo Stalece eek ....4. macer 

Tegula not strongly concave above, its upper outer margin rounded, or 
angled and weakly elevated; ventral end of combined occipital and 
hypostomal carinae not unusually high nor projecting; antenna and first 
tergite shorter 5 Ac Re ORE LE 2s seer eemisiea ss Sint re ee 

Occipital carina rea: hing ‘hypostomal carina at about 0.5 the basal width 
of the mandible from its lower end Gaia aie eae As zine 

Occipital carina either not reaching the hypostomal carina (incomplete 
below) or reaching the hypostomal carina at about 1.0 the basal width 
of the mandible from its lower end. . . 8 

Occipital carina usually incomplete below, when reac hing the hypostomal 
carina joining it at an angle of about 10°; fore wing about 5 mm. 
long. . ....3. Montezuma 

Occipital carina sui lly” complete below, ‘joining the hy postomal carina 
at an angle of about 80°; fore wing about 7 mm. long. ..1. innumerabilis 

Notalus very strong; tarsal claws conspicuously pectinate (davist group), 

11. davisi 

Notaulus absent or very weak; tarsal claws anne — pectinate 
only at the base (feria group) ; ; 

Nervellus broken near its middle; occ ipit: il carina usually not reac ching the 
hypostomal carina (incomplete below). ...... .......6.  kaniacensis 

Nervellus broken below its middle; occipital carina reaching the hypostomal 
carina. ecess mera Oe i reiare: a a ea, Se avin oven loa Estes) wih acetals 

Costula present; posterior 0.4 of subtegular ridge containing a deep longi- 
tudinal slot bordered above and below by a sharp — penis without 
spine-like setae. ere 

Costula absent; posterior 0.4 of subtegula ir ridge not con itaining a longi- 
tudinal slot, although bordered below by a deep groove; penis “with four 
So spine-like setae. eee eS eer rere 

Second and third tergites black, with only their apical margins more or less 
ferruginous; hind coxa ferruginous. .. . ; ......10. atroferia 

Second and third tergites ferruginous or - partly ferruginous; hind coxa 
ferruginous or blackish. . as ..13 

Hind coxa mostly or entirely blackish ....9a. feria rossi 

Hind coxa entirely ferruginous. .. . ..9b. feria feria 

Apical propodeal carina not stronger than the lateral longitudinal carina, 
angled at its junctures with the non-interstitial basal and apical sections 
of the lateral carina; second and third tergites entirely ferruginous or each 
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female from Washington known to have been in Davis’ series, and 
therefore the only specimen conforming with Cresson’s lectotype 
designation, is a member of the present species, but the erroneously 
labeled specimen beiongs to Monoblastus montezuma as defined in this 
revision. The false lectotype was the basis for the synonymy of affinis 
(= montezuma) with innumerabilis in 1944 ( Townes, Mem. Amer. Ent. 
Soc. 11:155) and for numerous Sead ie of montezuma as 
innumerabilis made by the authors up until the year 1946, when the 
error was discovered. 

Specimens: o&', ¢, G. Alpine Cr., Tahoe, Calif., July 7, 1915, E. P. 
VanDuzee (Washington and Townes). <7, Carrville, Trinity Co, 
Calif., 2400-2500 ft., May 16, 1934, 7. ¢ ;. H. Aitken (Townes). 7, 
Carrville, Trinity Co., Calif., 2400-2 500. ft., May 27, 1934 ye irt). 
o', 9, Dardanelle, Calif., July 2 and 8, 1948, Eb WE Ge Bs Gee: 
Townes (Townes)?. o’, Ft. Seward, Calif., June 7, 1935, E ' Baker 
(Washington). o, Los Sgro Co., Calif., D. W. Coquillett (Wash- 
ington). o’, Mariposa Co., Calif., July 2, 1933 (Bohart). 9, York- 
ville, Mendocino Co., Calif., April 24, 1928, E. P. Vase (San 
Francisco). o, 9, Nevada (Philadelphia and Townes). co”, Summer 
Lake, Oreg., June 16, 1938, Gray and Schuh (Corvallis). 


2. Monoblastus proximus, new species 


Nervellus oo above the middle; apes without a distinct mentan 


of 45 ° at 0.3 the basal width of the mandible from. its lower end. 

tae wing about 7.0 mm. long; clypeus about 2.5 as wide as long, 
its apical impunctate section 1.0 to 1.4 as long as its basal punctate 
section, the two sections meeting without forming any angle; occipital 
carina joining the hypostomal carina at an angle of about 45° at about 
0.5 the basal width of the mandible from its lower end; lateral section 
of prepectal carina bowed forward at the sternaulus, ending near the 
lower 0.25 of the pronotum, its upper end not curved forward; sub- 
tegular ridge-a rounded longitudinal ridge, its upper side sloping steeply 
and with a few strong vertical rugae or ridges, posteriorly ending in a 
high oblique rounded carina; tegula posteriorly somewhat convex, 
anteriorly ‘slightly y concave, its antero-lateral upper margin not sharp 
nor distinc tly raised; nervellus broken near its upper 0.38; propodeum 
weakly rugulose and more or less punctate, its costula usually present; 
first tergite of male about 2.0 as long as wide, of the female about 1.6 
as long as wide. Agrees otherwise with the structural description of 
M. innumerabilis. 

Black. Mandible, palpi, tegula, legs beyond coxae, and abdomen 
except basal part of first tergite ferruginous; clypeus dark ferruginous; 
antenna tinged with ferruginous, more strongly below and apically; 
wings tinged with reddish brown; coxae entirely ferruginous to entirely 
black; apical part of hind tibia and of hind tarsus somewhat infuscate. 


2In 1948 we collected a considerable amount of ichneumonid material in Colo 
rado and California, with the aid of a grant from the American inwosihiend 
Society. In the Tryphonini, the material includes some new records and about 
ten additional new species of Polyblastus (Labroctonus), Ctenochra, and Erromenus. 
It was not possib le to add the new species and records to the first part of this 
revision, but the addition has been made to this the second part. 
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Type: 9, Berkeley, Calif., Apr. 30, 1939, C. D. Michener (Townes). 

Paratypes: o, collected with ¢ the type (Tow: ies). 2 9, Antioch, 
Calif., Apr. 21, 1934 (San Francisco). Antioch, Calif., Apr. 25, 
1936 (Corvallis). 9, Camino, Calif., jinn 30, 1948, H., M., G., & D. 
Townes (Townes). 3 9, Davis, Calif., Apr. 6, 1936, R. M. Bohart 
(San Francisco). 9, Fairfax, Marin Co., Calif., June 4, 1911, E. 
VanDyke (San Francisco). 9, Hastings Natural History Reserve, 
Santa Lucia Mts., Jamesburg, Calif., June 7, 1938, C. D. Michener 
(Townes). 9, Ft. Seward, Calif., May 31, 1935, E. W. Baker (Townes). 
3, Southern California (Philadelphia). o, 92, Craigs Mt., Ida., 
(Philadelphia). o”, Moscow, Ida. (Townes). 2, Ochoco Pass, 4800 ft., 
Oreg., July 13, 1936, H. A. Scullen (Corvallis). 2, Pullman, Wash., 
June 17, 1932, H. A. Scullen (Washington). 


Monoblastus montezuma Cameron, new combination 
Figure 24 
Tryphon montezuma Cameron, 1886. Biol. Centr.-Amer., Hymen. 1: 286. Type, 

Ciudad de Durango, Mexico, 8,100 ft. (London 
Otlophorus affinis Ashmead, 1901. Psyche 9: 148. New synonym) Type: ; 

Las Ve ange between Pecos and Sapello rivers, N cx., 11,000 ft 

Wasl n 
Tryphon innumerabilis Townes, 1944. Mem. Amer. Ent. Soc : 155 
in part 

Nervellus broken distinctly above the middle; clypeus without a distinct 
median transverse ridge; occipital carina usually incomplete below, when 
complete joining the hypostomal at an angle of 40° at 1.0 the basal width 
of the mandible from its lower end; head apparently deeper than in other 
Spec ies. 

Fore wing about 5.0 mm. long; clypeus about 2.3 as wide as long, its 
apical impunctate section about 0.7 as long as its basal punctate section, 
the two sections meeting without — any angle; occipital carina 
usually incomplete below, when complete joining the hypostomal carina 
at an angle of about 40° at about L .O the basi iy width of the mandible 
from its lower end; malar space longer than usual; head apparently 
deeper than in other species of the genus; lateral section of prepectal 
carina bowed weakly forward at the sternaulus, ending near the lower 0.2 
of pronotum, its upper end not curved forward; su bteguiar ridge a 
rather sharp longitudinal ridge, its upper side vertical, ending posteriorly 
in a high ob lique carina, and in the posterior part of its lateral face a 
deep rounded pit (fig. 24); tegula posteriorly somewhat convex, 
anteriorly slightly concave, its antero-latera | upper margin not sharp nor 
ropa 4 — nervellus broken near its upper 0.33; propodeum more 
or less distinctly rugulose and punctate, its costula present; first tergite 
of male about 2.0 as long as wide, of the female about 1.6 as long as wide. 
Agrees otherwise with the structural description of M. innumerabilis. 

Black. Mandible, palpi, tegula, legs beyond coxae, and abdomen 
beyond first tergite fe ane ous; apical part of clypeus dark ferruginous; 
antenna tinged with ferruginous, more aate tinged beneath and 
apically; wings slightly darkened; coxae sometimes more or less 
ferruginous apically; apical part of first tergite ferruginous ; hind tibia 
and tarsus somewhat infuscate towards their apices; hind femur often 
infuscate in specimens from high altitudes in the Rocky Mts., rarely 
infuscate in others. 
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Specimens: Many males and females from ALBERTA (Banff, Bilby, 
Cypress Hills, Radnor, and Waterton); ARIZONA (near Alpine); BRITISH 
COLUMBIA (Saratoga Beach of the Oyster River on Vancouver Island); 
CALIFORNIA (Camino, Humboldt Co., San Mateo Co., Tallac Lake 
Tahoe, Upper Echo Lake at 7400 ft., and Yosemite Park at 7000 ft.); 
COLORADO (near Estes Park, Florissant, Rocky Mt. National Park at 
9400 ft., and Steamboat Spring); ILLINoIs (Carlinville); MANITOBA 
(Awene); MICHIGAN (Douglas Lake); MINNESOTA (Cook Co., Eagle 
Bend, and Traverse Co.); NEVADA; NEw HAMPSHIRE (Pinkham Notch) 
NEw JERSEY (Alpine and Ramsey); NEw Mexico (Beulah at 8000 ft.) ; 
New York (southern Adirondack Mts., Bemus Point, Ithaca, Mill- 
wood, Rock City in Cattaraugus Co., Rome, Saranac Lake, and Syra- 
cuse); NORTH CAROLINA (Pisgah Mt. at 4800 to 5300 ft.); NorTH 
Dakota (Tower City); Onto (Brown Co.); ONTARIO (Ottawa and 
Waubamic); OREGON (Cherry Creek on the west side of Klamath Lake 
at 4175 ft., Forest Grove, Lick Creek in Wallowa National Forest at 
4600 ft., Queen Mine above Cornucopia at 5000 ft., and Triangle 
Lake); QUEBEC (Brome, Burbridge, Danford Lake, Gracefield, Joliette, 
Lac Ste. Marie, Laurentian Mts., Sweetsburg, and W right): SAS- 
KATCHEWAN (Snowden); SOUTH DAKoTA (Brookings); TEXAs; WASH- 
INGTON (Elbe, Mt. Rainier at 2900 ft., and Snoqualmie Pass); and 
WyoMING (Big Horn Mts. near Buffalo, at 6000 ft.). 

This species appears to occur in the Transitional Zone and the 
warmer part of the Canadian Zone throughout Canada, the United 
States, and probably also of Mexico. There is one generation a year, 
most of the adults being on the wing in June and early July. Early 
and late records of interest are: May 20 at Forest Grove, Oreg.; May 24 
at Triangle Lake, Oreg.; May 24 near Alpine, Ariz. (8200 ft.); May 27 at 
Burbridge, Que.; May 30 at Syracuse, N. Y.; May 31 at Brome, ey 
July 12 : Aweme, Man.; July 17 at Tahoe, Calif.; July 20 at Bilb 
Alta.; July 21 at Ottawa, Ont.; July 25 at Elbe, Wash. : August 12 in 
Wallowa National Forest, Oreg., at 4600 ft.; August 21 in Cook Co., 
Minn.; and September 2 at Upper Echo Lake, Calif., at 7400 it. 


4. Monoblastus macer, new species 
Figure 25 


Nervellus broken distinctly above the middle; tegula strongly concave above. 

Fore wing about 6.0 mm. long; clypeus about 2.8 as wide as long, its 
apical impunctate section about 0.7 as long as its basal punctate section, 
the two sections meeting in a rounded obtuse angle which is obsolescent 
in the central 0.3 of its length; clypeus with a false inner glabrous apex 
projecting slightly beyond its true setiferous apex; punctures of face 
rather coarse and so close as to be irregular in shape; antenna excep- 
tionally long; occipital and hypostomal carinae strongly elevated below 
and produced into a blunt scoop-shaped tooth projecting ventrally 
below the mandible, the two carinae joining near the apex of the process; 
hind corner of pronotum produced into an elevated, triangular, tooth- 
like process; lateral section of prepectal carina bowed weakly forward 
at the sternaulus, ending near lower 0.2 of pronotum, its upper end 
often turned forward; subtegular ridge projecting upwards as a low 
lamina with a bowed margin, its highest point meeting a dorsal short 
strong ridge, its lateral face posteriorly with a pit (fig. 25); tegula strongly 
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concave above, with a convex area mesally behind its middle, anteriorly 
and laterally its upper margin sharp and strongly elevated; nervellus 
broken near its upper 0.4; basal half of tarsal claws coarsely pectinate; 
propodeum weakly and indistinctly Sa ctate, its costula lacking; first 
tergite about 2.65 as long as wide in the male, about 2.45 as long as 
wide in the female; second cates without a postmedian transverse 
groove, its punctures very weak and fine so that it appears impunctate; 
epipleurum of third tergite about 4 times as long as wide, completely 
separated by a crease; epipleurum of fourth tergite about 1.7 as long 
as wide, separated from its tergite by a crease only basally; spiracle 
of third tergite separated from the lower edge by its diameter in the 
male, by 2.5 its diameter in the female. 

Black. Mandible, palpi, tegula, legs, and abdomen beyond the 
first tergite ferruginous, the palpi, trochanters, and fore and middle 
tibiae and tarsi very pale; apical part of clypeus dark ferruginous; scape 
and pedicel! pale ferruginous, infuscate above; flagellum pale below, its 
apical part fulvous; hind coxa often blackish basally; hind femur usually 
infuscate at its apex above; hind tibia pale, infuscate apically and sub- 
basally yr, to en tirely infuscate: hin arsus more or less infuscate: apical 
part of first tergite ferruginous. Sometimes the second and following 
tergites, especially the apical ones, are vaguely marked with fuscous. 

Type: 2, in rich moist bottomland woods on Northwest Branch at 
University Lane, Takoma Park, Md., July 1, 1948, H. Townes (Townes). 

Paratypes:2 7,8 2, taken with the type (Townes). o”, 2, Bowie, 
Md., June 7, 1945, H. Townes (Washington). 207, 3 , Bowie, Md., 
June 24, 1945, H. & M. Townes (Townes). 1, Cabin Md., 1916, 
R. M. Fouts (Washington 24 3’, 14 9, taken at Takom a Park, 
Md., by H. & M. Townes as fe —. 1, May 30, 1944; o, June 2, 1944; 
7 Oo’, June 14, 1942; 10 7, , June 20, 1943: 3 07,3 2, June 21, 1942; 

June 28, 1943; and o¢7’',7 9,. July 5, 1942 (all in Townes collection) ; 

Takoma Park, Md., July 6, 1944, H. Townes (Washington) 
Moorestown, N 4; june , 1939, H. & M. Townes (Townes) 2 
Moorestown, N. J. June 23, 1939, H. & M. Townes (Townes) 

Moorestown, N. J., July 2, 1939, H. & M. Townes (Townes). , 
oar N. J., June 18, 1939, H. Townes (Townes) ), Bemus 
Point, N. Y., July 2, 1937, H. Townes (Townes). 07,3 9, Farmingdale, 

July 2, 1938, H. & M. Townes (Townes). , Farmingdale, 
July 3, 1938S H & M. Townes (Townes). /, Cleveland, Ohio, 
. DeGan Wash ington 9 o', 6 9, taken at Pauadeipis a, 
Tom ‘s as follows: 5 o fey » 16, 1941; 2 o, June 24, 
1 \ , 1941 (all in Townes ‘ollection). 


1 oe. States from New York 
Ohio south to Virginia. ts habitat 1 rank herbage of moist 


land woods, where it is on the wing fr a late May to early July. 


Monoblastus dionnei Provancher, new combination 


Subtegular ridge projecting upward as a simple, thin, sharp-edged 
lamina; tegula flat above. 
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Fore wing about 5.5 mm. long; clypeus about 2.3 as wide as long, its 
apical impunctate section about 0.8 as long as its basal punctate section, 
the two sections meeting in a rounded obtuse angle; punctures of face 
close and rather coarse, some of them somewhat confluent: occipital 
carina joining Skee ene carina at an angle of about 70° at about 0.8 
the basal width of the mandible from its lower end; hind corner of 
pronotum an elevated, bias, tooth-like lobe; lateral section of prepectal 
carina bowed forward at the sternaulus, ending near the lower 0.2 of 
the pronotum, its upper end usually curved forwards; subtegular ridge 
projecting upwards as a thin sharp-edged lamina with the upper margin 
bowed, its lateral face posteriorly with oblique rugae and = 
(fig. 26); tegula flat above, its anterior half bordered with a slightly 
raised margin; nervellus broken near its upper 0.45, usually distin tly 


above but sometimes below the middle; tarsal claws pectinate on their 


basal halves; propodeum rugulose, its costula present though often 
| 


weak; first tergite of male about 1.7 as long as wide, of female about 
1.6 as long as wide; second tergite without a postmedian transverse 
groove, its punctures very fine and weak so that 1t appears impunctate, 
sometimes more or less finely longitudinally rugulose; epipleurum of 
third tergite about 4 times as long as wide, co pletely separate d from 
its tergite by a crease; epipleurum of fourth te rgite about 2. 0 as long as 
wide, separated by a crease basally but not apically; spirac os of thir : 
tergite almost adjacent to its lower margin in the male, s separated | 
about its diameter in the female. 

Black. Apical part of clypeus, mandible, palpi, scape, 
tegula, legs, abdomen beyond the first tergite, and % ipical part 
tergite ferruginous; flagellum pale below, fulvous apic ally - wings hyalin 
apex of hind femur and basal 0.15 and apical 0.3 of hind tibia infus« 
second and third tergites of male sometimes marked with fuscous. 

Specimens: Many males and females from MAINE (Bar Harbor, 
Capens, Oquossoc, and Paris); MAssACHUSETTS (Cohasset, Lexington, 
Nantucket, North Adams, and Truro); MicnIGAN (East Lansing, 
Iosco Co., Isabella Co., and Osceola Co.): MINNESOTA (Houston Co., 
Itasca Park, and John Latch State Park in Winona Co.); NEW BRUNs- 
WICK (Frederickton, St. John, and Wa weig NEW HAMPSHIRE (Glen 
House, Gorham, Mt. Madison, Mt. Wa hington at 2000 ft., Nelson, 
Pinkham Notch, and Randolph); NEw Yous (Ithaca, Labrador Lake 
in Cortland Co., poe Creek Valley in Cattaraugus Co., Mt. Marcy, 
Oneonta, Otsego Lake, Ringwood, Rome, Syracuse, Utica, Waterville, 
and Woodville) ; Hoan, Scotia (Baddeck and Truro > ONTARIO (Norman- 
dale and Ottawa); PENNSYLVANIA (Roxborough, Spring Brook, and 
Wilawana); QUEBEC (Aylmer, Brome, Cascapedia River, Cottage 
Beaulieu, Covey Hill, Gatineau Point, rig nae Gracefield, Grand 
Gréve on the Gaspé, Hemmingford, Joliette, Knowlton, Meach 
Lake, Megartic, Montreal, Quebec, a Stoneham, and Valley 
Junction); and VERMONT (Burlington and St. Albans). 

This species occurs in the Canadian and the northern part of the 
Transitional zones from the Gaspé Peninsula south to Pennsylvania and 
west to Minnesota. Its habitat is more or less shaded grassy places 
around the edges of woods, along woodland roads and trails, and among 
and under trees and bushes in more open places. There is a single 
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generation a year, the adults beginning to emerge in late May and 
continuing on the wing until the middle of July. Males precede the 
females by a very few days and are scarcer than females toward the 
last of the adult season. Early and late collecting records of interest 
are May 25 at Ithaca, N. Y., and at Roxborough, Pa.; May 27 in 
Houston Co., Minn.; May 28 at Syracuse, N. Y.; July 12 on the 
Cascapedia River, Que. July 15 at Nelson, N. H., and at eo Gréve 
in the Gaspé Peninsula July 16 at Ottawa, Ont.; and July 18 at 
eee am, N.H. We have e also a record of a female collected Se ptember 
fat Truro, Mass., by A. P. Morse. 


6. Monoblastus kaniacensis Hall, new combination 
Figure 27 
Polyblastus kaniacensis Hall, 1919. Psyche 26: 156. Type: 9, ‘‘Kaniac’’ (=Kamiac) 

Butte, Wa Can bridge 

Nervellus broken near its middle; occipital carina usually incomplete 
below. 

Fore wing about 5.4 mm. long; clypeus “Sitti 2.5 as wide as long, its 
apical impunctate section 1.2 to 1.7 as long as the basal punctate 
section, the two sections meeting in a roun de obtuse angle; face with 
rather coarse close punctures; occipital carina nearly always (especially 
in the male) obsolete below ar ind e ndi ing far “a n the hypostomal carina, 
when eackian’ the hy; ling it at an angle of about 60° 
at about 0.8 the basal width of the , mandible from its lower end; hind 
corner of pronotum rounded off, slightly elevated; lateral section of 
prepectal carina bowed forward at the sternaulus, ending near the lower 
0.2 of the pronotum, its upper end usually somewhat curved forward; 
subtegular ridge a high round-edged longitudinal ridge, its upper side 
vertical, ending posteriorly in a high oblique carina below the anterior 
end of which is a pit, the pit often open below (fig. 27); tegula almost 
evenly convex; nervellus broken at or very near its middle; tarsal claws 
pectinate on their basal “age propodeum with rather close, moderate 
sized punctures, its costula absent; first tergite of male about 1.5 as 
long as wide, of female about 14 as long as wide; second tergite fre- 
quently with a very weak postmedian transverse groove, its punctures 
sharp and of medium size; ¢ - ipleura of third and fourth tergites about 
4.5 as long as wide, completely separated from th eir tergites by a crease 
in the male, spiracles of third and fourth tergites separated from the 
lower margin by about their diameter; in the female, spiracle of third 
tergite separated from the lower margin by about 4 times its diameter, of 
fourth tergite separated by about 6 times its diameter. 

Black. cea part of clypeus dark ferruginous; mandible black 
basally and ferruginous apically, the rest of it stramineous; palpi 
ferruginous; antenna piceous: wings hyaline; tegula stramineous; first 
trochanters piceous; legs beyond first trochanters ferruginous, the 
tibiae stramineous externally and often the femora piceous basally 
below; hind tibia infuscate apically, often rather completely infuscate 
with an external pale stripe; hind tarsus more or less infuscate; first 
tergite black, usually with as much as its apical 0.35 ferruginous; second 
and following tergites entirely ferruginous or in ‘the male each often 
with a large basal median fuscous area, the apical tergites sometimes 
entirely fuscous. 
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Specimens: o', Acme, Alta., June 16, 1928, H. L. Seamans (Ottawa). 
39 o’', 5 9, taken at Workman Creek, Sierra Ancha, Ariz., by H. & M. 
Townes in 1947 (Townes) as follows: 4 &, May 1; 2 o’, May 3, 9 0, 
May 6; and 24 o°',59, MayS8._ o, near Sonora Pass, Calif., at 8500 ft., 
July 8, 1948, H., M., G., D., & J. Townes (Townes). 6 0°, 3 9, near 
Estes Park, Colo., June 14 and 15, 1948, H., M., G., D., & J. Townes 
(Townes). 9, Howe’s Gulch, 6 mi. west of Ft. Collins, Colo., May 6, 
1896, C. F. Baker (Washington). 2, Grizzly Creek, Larimer, Co., 
Colo., July 19, 1896, C. F. Baker (Washington). o, Lyons, Colo., 
June 14, 1948, H., M., G. & D. Townes (Townes). 2 co”, Muddy Pass, 
Colo., June 17, 1948, H., M., G., D., & J. Townes (Townes). 4’, 
Colo. (Washington). o, Juliaetta, Ida. (Townes). 2, Potlach, Ida., 
May 28, 1930, J. M. Aldrich (Townes). 92, Dunrae, Man., June 12, 
1931, R. H. Handford (Ottawa). 7, Kittson Co., Minn., June 15, 1941, 
H. P. Nicholson (St. Paul). 5,3 2, Montana (Philadelphia, Townes, 
and Ottawa). 9, Mt. Hood, Oreg. (Philadelphia). co, Soda Springs, 
Benton Co., Oreg., June 21, 1943, G. R. Ferguson (Corvallis). 9 o& 
5 9, Strawberry Daniel Pass, Utah, June 18 and 19, 1948, H., M.,G., D., 
& J. Townes (Townes). oo”, Big Horn Mts. near Buffalo, Wyo., 6000 ft., 
June 28, 1940, H. & M. Townes (Townes). 

This is a western species occurring as far east as Manitoba and 
Minnesota. The series from Workman Creek, Anz., was all taken on 
and among Symphoricarpos bushes that were infested by larvae of a 
Blennocampa (7), and the species has been collected from Sym phoricar pos 
at Strawberry Daniel Pass, Utah. This shrub appears to be its usual 
habitat. 


7. Monoblastus favonius, new species 


Nervellus broken far below its middle; subtegular ridge not containing 
a deep longitudinal slot; second tergite strongly punctate, ferruginous or 
black with the apical part ferruginous. 

Fore wing about 5.4 mm. long; clypeus about 3.2 as wide as long, 
its apical impunctate section about 1.3 as long as the basal punctate 
section, the two sections meeting in a rounded obtuse angle; face with 
rather coarse, very close punctures, some of which are somewhat con- 
fluent; occipital carina meeting the hypostomal carina at an angle of 
about 60° at about 0.5 the basal width of the mandible from its lower 
end; hind corner of pronotum a short rounded or bluntly pointed lobe, 
somewhat elevated; lateral section of prepectal carina bowed forward 
at the sternaulus, ending near the lower 0.25 of the pronotum, its upper 
end usually somewhat curved; subtegular mndge a rather sharp longi- 
tudinal ridge, its lower side ascending, 1ts upper side vertical, ending 
posteriorly in a high oblique carina; tegula almost evenly convex; 
nervellus broken near its lower 0.27; tarsal claws pectinate at the base; 
propodeum with rather sparse distinct punctures; costula absent; 
apical propodeal carina not stronger than the lateral longitudinal 
carina, angled at its junctures with the non-interstitial basal and apical 
sections of the lateral carina; first tergite of male about 1.4 as long as 
wide, of female about 1.35 as long as wide; second tergite often with 
a very weak postmedian transverse groove; second tergite with sharp 
moderately coarse punctures; epipleura of third and fourth tergites 
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about 5 times as long as wide, separated from their tergites by a crease; 
in the male the spiracles of the third and fourth tergites separated from 
the lower margin by somewhat less than their diameter; in the female 
the spiracle of the third tergite separated from the lower margin of th 
tergite by about 3 times its diameter, of the fourth tergite separated by 
about 4 times its diameter; penis with two long stout subapical setae on 
each side (M. eurus is the only other species of the genus possessing 
hese). 

Black. Palpi and tegula pale whitish ferruginous; apical part of 
clypeus, mandible, antenna except above, legs beyond coxae, and 
abdomen of the female beyond the first tergite ferruginous; first tergite 
of the female with the apical margin ferruginous; abdomen of male 
blackish with the apical 0.2, 0.3, and 0.4 of the second, third, and fourth 

‘rgites respectively ferruginous; coxae fe inous with the basal 
third blackish, to entirely piceous; hind tibia and tarsal segments 
more or less infuscate, espevially towards their apices 

Type: &, Oakland, Calif., April 8, 1987, E. S. Ross (Townes). 

Paratypes: 2 o&, Fairfax, Mari , Caht., March 20, 1927, C. L. 


Fox (San Francisco) , Humboldt Co., Calif., May 15, 1911, F. W. 


Nunnenmacher (Washingtor , Mt. Diablo, Calif., April 21, 1925, 
E. P. VanDuzee (San Francisco , Pentz, Butte Co., Calif., April 5, 
1928, H. H. Keifer (San Francisco). 2, Pinion Flat, San Jacinto 
Mts., Calif., May 18, 1939, E. G. Linsley (San Francisco). 9, Yosemite 
Calif., May 28, 1921, E. C. Van Dyke (Townes). >, Yosemite, Calif., 
May 27, 1891 (Washington). , Yosemite, Calif., May 9, 1941, W. P. 


~f, 


Cockerell (Townes 
S. Monoblastus eurus, new species 


Vervellus broken far below its middle; subtegular ridge not containing 

a deep longitudinal slot; second tergite rather strongly punctate, black 
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tergites separated from the lower margin by about their diameter; pe 


with two long stout subapical setae on each side (these lacking 
others of the genus but M. favonius). 
] 


7 P 1 
Black. Apical part of clypeus, mandible, legs beyond coxae, 
f second and following tergites ferruginous; 


ng in the type); tegula and hind tibia and 
) 
) 


narrow apical margin ( 
(palpi and antennae lacki 
tarsus pale stramineous, the apical 0. 
basal parts of the tarsal segments infuscate. 

Type: o&, Plummers Island, Md., May 20, 1903, W. V. War 


(Washington). 


) 
‘le 
KITS 


of hind tibia and all but the 


9. Monoblastus feria Davis, new combination 


199 


Posterior part of subtegular ridge containing a deep longitudinal slot; 
abdomen beyond the first tergite largely or entirely ferruginous. 

Fore wing about 5.0 mm. long; clypeus about 2.4 as long as wide, its 
impunctate apical and punctate basal sections about equal in length, the 
sections meeting 1n a rounded obtuse angle; face with rather coarse, 
very close punctures, some of the punctures more or less confluent; 


occipital carina meeting h ypostomal ca rina at an angle of about io at 
about 1.0 the basal width of the mandible from its lower end; hind corner 
of pronotum a short, round-pointed lobe, somewhat elevated; lateral 
section of prepectal carina bowed strongly forward at the ne 
ending near the lower 0.25 of the pronotum, its upper end st 

or slightly curved forward; subtegular ridge high, anteriorly wit 
upper side vertical, pr ee containing a deep oblique slot sub ter I 

by a deep groove, in the middle of the upper side a deep pi 
forward and downward (figs. 28 and 29); tegula medially wea 
laterally strongly convex; nervellus broken near its lower 0: 
claws pectinate on the basal half; propodeum weakly 1 
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punctate, its costula present; first tergite of male 


1 
wide, of female about 1.4 as 1 mg as wide: second tergite with a 
weak _ iedian transverse groove; second tergite with 

small, rather indistinct punctures; epipleurum of third 
f fourth tergite about 4 times as long as — 


5 times as long as wide, 0 
both separated from their tergites by a crease: in the male the 
of third and fourth tergites separated from the margin by about 
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diameter: in the female the spiracle of the third tergite separate 
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in by about 1.5 its diameter, of the fourth tergite 


Apical part of clypeus, mandible, palpi, antenna, 
legs, and all or much of abdomen except basal 0.66+ of firs 
ferruginous, the mandible, palpi, tegula, and tarsi paler ferruginou 
than the rest; antenna above and apical 0.12 of hind tibia infusca 
segments of hind tarsus somewhat infuscate except basally; hind corne 
of pronotum and upper margin of mesopleurum tinged with ferrugino 
wings hyaline; hind coxa ferruginous to piceous 

Monoblastus feria is represented by the two subspecies described 
below. 
Specimens: See under the two subspecies 
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9a. Monoblastus feria rossi, new subspecies 
Figure 28 

Structurally similar to M. feria feria except that the slot in the 
subtegular ridge averages a very little shorter and shallower, and is 
often crossed by an oblique ridge (fig. 28). This oblique ridge is usually 
absent or indistinct in M. feria feria. 

Hind coxa piceous or black, its apical part sometimes ferruginous; 
tergites of male sometimes mostly infuscate but with at least the apical 
part of the second to fourth tergites ferruginous. Colored otherwise as 
in M. feria feria. 

Type: 92, Oakland, Calif., May 3, 1937, E. S. Ross (Townes). 

Paratypes: 2 3, 2, collected with the type (Townes). o, Ground 
Hog Basin, Big Bend Country of the Selkirk Mts., B. C., July 24, 1905, 
J. C. Bradley (Ithaca). o,4 9, Steelhead, B. C., May 31, June 2, and 
June 11, 1933, H. B. Leach (Ottawa). 5 o, 49, Camino, Calif., 
June 27 and 29, 1948, H., M., G., & D. Townes (Townes). o, Hum- 
boldt Co., Calif., May 15, 1911, F. W. Nunnenmacher (Washington). 
o', Custer Co., Colo., T. D. A. Cockerell (Washington). 9, Ft. 
Collins, Colo., Aug., C. F. Baker (Washington). 9, Forrester’s, 
Colo., July 21, 1895, C. F. Baker (Washington). 2 o, Rocky Mt. 
National Park at 9,400 ft., Colo., H. M., G., D., & J. Townes (Townes) 

2, Aspen Lake, Oreg., June 26, 1924, C. L. Fox (San Francisco). 

This subspecies occurs west of the continental divide, apparently in 

the Transitional Zone. 


9b. Monoblastus feria feria Davis, new combination 
Figure 29 
Otlophorus innumerabilis var. ferta Davis, 1897. Trans. Amer. Ent. Soc. 

Type: 9, N. Y. (Philadelphia 
Epachtes (!) basitlicus Davis, 1898. Trans. Amer. Ent. Soc. 24: 2 

Colo. (Philadelphia). 

Structurally similar to the subspecies M. feria rossi except that the 
subtegular ridge averages a little higher and with a correspondingly 
deeper slot (fig. 29). The slot is usually not crossed by the oblique 
ridge that is often present in M. feria rosst. 

Hind coxa ferruginous; abdomen beyond basal 0.66 of first tergite 
ferruginous. Colored otherwise as in M. feria rosst. 

Specimens: Many males and females from CoNNEcTICUT (Walling- 
ford); FLorma (Jacksonville); ILLINOIS (Dubois); KANsAs (Lawrence); 
MANITOBA (Aweme); MARYLAND (Bowie and Takoma Park); MAssa- 
CHUSETTS (Dedham and South Hadley); MicHIGAN (Clare Co., Lapeer 
Co., Midland Co., and Ottawa Co.); Minnesota (Lincoln Co. and 
Norman Co.); New HAmpsuirRE (Mt. Madison and Pinkham Notch); 
New York (Bemus Point, Huntington, Ithaca, Labrador Lake in 
Cortland Co., Maplecrest in the Catskill Mts., McLean, Oliverea, 
Rock City in Cattaraugus Co., Saranac Lake, and Syracuse); NORTH 
CAROLINA (Pisgah Mt. at 4,800 to 5,300 ft.); Onto (Akron, Bridgeport, 
Columbus, and Put-in-Bay); ONTARIO (Bobcaygeon, Leamington, 
Mer Bleue, Merivale, Parry Sound, and Waubamic); PENNSYLVANIA 
(Charter Oak, Kingsley, North East, Spring Brook, and Trout Run); 
QuEBEC (Aylmer, Brome, Knowlton, Mason, and Stoneham); and 
VERMONT (Mt. Equinox). 
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This subspecies occurs in the Transitional Zone east of the conti- 
nental divide. The record for Jacksonville, Fla., is out of its normal 
range. It is based on a specimen in the Washington Museum labeled 
‘* Jacksonville, Fla.’’ with the style of label used by Mrs. A. T. Slosson. 
The adult habitat is the shaded grass of the edges of woods, clearings 
and trails in woods, and under trees and bushes in more open areas. 
There is a single generation a year which is on the wing in middle and 
late spring, from about May 20 to June 20, with a few early comers and 
late stragglers. Males average a few davs earlier than females in 
appearance and disappearance. Early and late capture dates of interest 
are: May 15 at South Hadley, Mass. and at Ithaca, N. Y.; May 18 at 
Akron, Ohio; June 21 at Stoneham, Que.; June 22 at Ithaca, N. Y.; 
June 23 in Norman Co., Minn.; June 24 at Mt. Madison, N. H.; June 26 
at Bemus Point, N. Y.; and July 1 at Waubamic, Ont 


10. Monoblastus atroferia, new species 

Posterior part of subtegular ridge containing a deep longitudinal slot; 
abdomen beyond the first tergite black. 

Fore wing about 5.2 mm. long. Structurally similar to M. feria 
except that the subtegular ridge is slightly more elevated, with its pit 
or slot slightly deeper, narrower, and bordered below by a slightly longer 
lamina. Also, in M. feria the large impunctate area of the mesopleurum 
is usually separated below from the mesopleural suture by a narrow area 
containing a few punctures, while in alroferia these punctures are nearly 
or quite absent. 

Tibiae and tarsi stramineous tinged with ferruginous, the apical 
0.25 of hind tibia and apices of the hind tarsal segments fuscous; coxae 
ferruginous; tergites black or blackish, their apical margins tinged with 
ferruginous. Colored otherwise as in M. feria. The color of the 
abdomen is the only reliable differentiating character between the two 
species. 

Type: 9°, Syracuse, N. Y., May 30, 1938, H. & M. Townes (Townes). 

Paratypes: 26 3%, 5 9, collected with the type (Townes). o’, 9°, 
Midland Co., Mich., June 7, 1938, R. R. Dreisbach (Townes). 
Labrador Lake, Cortland Co., N. Y., July 5, 1935, P. P. Babiy (Townes). 
o', Syracuse, N. Y., May 22, 1938, H. & M. Townes (Townes). ’, 
Syracuse, N. Y., June 3, 1938, H. & M. Townes (Townes). 2 o”, Pisgah 
Mt. at 4,800 to 5,300 ft., N. C., June 21, 1940, H. & M. Townes 
(Townes). o, Spring Brook, Pa., June 11, 1945, H. Townes (Townes). 

, Youngwood, Pa., May 29, 1941, H. Townes (Townes). 

This species seems restricted to the Transitional Zone of the north- 
eastern United States. Its ecology and seasonal distribution seem about 
the same as in M. feria. 


11. Monoblastus davisi Townes, new combination 
Figure 30 

Tryphon nigrum Davis, 1898. Trans. Amer. Ent. Soc. 24: 281. Preoccupied by 

Gravenhorst 1829. Type: o’, Gaylord, Mich. (Philadelphia). 
Tryphon davist Townes, 1944. Mem. Amer. Ent. Soc. 11: 155. New name. 

Notaulus very strong. 

Fore wing about 4.9 mm. long; clypeus about 2.5 as wide as long, its 
apical impunctate section and basal punctate section of about equal 
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length, meeting in a rounded obtuse angle; face with rather coarse, 
very close punctures, some of which are more or less confluent; occipital 
carina meeting hypostomal carina at an angle of about 70° at about 0.4 
the basal width of the mandible from its lower end; hind corner of 
pronotum forming a large, blunt, heavy tooth whose apex is as far laterad 
as the lateral margin of the tegula; epomia exceptionally stron z; lateral 
section of prepectal carina straight, ending just above lower corner of 
pronotum; notaulus sharp and strong (absent or indicated by a weak 
groove in the other species of the genus); mesoscutum between the 
notauli distinctly raised; subtegular ridge a rounded carina-like ridge, its 
central part bowed downward, its posterior part subtended by a few 
vertical rugae (fig. 30); tegula almost flat above, the margins rounded 
off; nervellus broken near its lower 0.35; tarsal claws coarsely pectinate 
on the basal half in the male, for most of their length in the female; 
propodeum somewhat rugulose; costula present; petiolar area usually 
with a median vertical carina; first tergite of male about 1.35 as long as 
wide, of female about 1.25 as long as wide; second tergite with a distinct 
transverse postmedian groove; second tergite with sharp, medium sized 
punctures; epipleurum of third tergite about 2.5 as long as wide, of 
fourth tergite about 1.5 as long as wide, both completely separated from 
their tergites by a crease; in the male, the spiracles of third and fourth 
tergites separated from the margin by a little less than their diameter; 
in the female, spiracle of third tergite separated from the margin by 
about 1.5 its diameter, of the fourth tergite separated from the margin 
by about its diameter. 

Black. Clypeus, mandible, palpi, tegula, and legs ferruginous; 
mandible blackish or brownish basally; scape and pedicel ferruginous, 
dusky above; flagellum more or less ferruginous basally, apically, and 
below; wings hyaline; apical 0.15 of hind femur and 0.13 of hind tibia 
infuscate: hind tarsus more or less infuscate; abdomen of male black, the 
incisures more or less tinged with ferruginous; abdomen of female 
ferruginous, the first tergite except apically largely or entirely blackish, 
and the second and third tergites frequently more or less infuscate; 
ovipositor sheath infuscate. 

Specimens: o', White Heath, IIl., June 25, 1939, J. C. Dirks 
(Townes). @, Iowa, June 20, 1934, H. C. Knutson (Washington). 

y, Farmingdale, N. Y., July 2, 19388, H. & M. Townes (Washington). 

, Farmingdale, N. Y., July 3, 1938, H. & M. Townes (Townes). 
>, Millwood, N. Y., June 20, 1936, H. Townes (Townes). 9, Thunder 
Bay Beach, Ont., July 26, 1941, H. S. Parish (Townes). 

This appears to be a Transitional Zone species of the eastern United 
States, on the wing in July and late June. 

12. Monoblastus philanthoides Cresson, new combination 
Figure 31 
Tryphon philanthoides Cresson, 1868. Trans. Amer. Ent. Soc. 2: 110. Type: 

Ill. (Philadelphia 

Abdomen black, banded with yellow. 

Fore wing about 7.2 mm. long; clypeus about 2.2 as wide as long, 
with very coarse scattered punctures which tend to be confluent and 
give a rugose appearance; face protuberant above, with very close, 
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coarse punctures; occipital carina meeting hypostomal carina at an angle 
of about 70° at about 0.7 the basal width of the mandible from its 
lower end; hind corner of pronotum a short rounded lobe; lateral section 
of prepectal carina not curved at the sternaulus, its upper end curved 
forward to the front margin of mesopleurum to meet it near the middle 
of the pronotum; subtegular ridge a high, up-bowed, lamella-like 
ridge, medially overhanging, subtended by some obliqve rugae, and 
met posteriorly from, below by a long oblique carina (fig. 31); tegula 
rather strongly convex, anteriorly with a mesal pit-like depression; 
nervellus broken near its lower 0.38; tarsal claws pectinate nearly to the 
apex; propodeum strongly rugose; costula present; first tergite about 
1.0 as long as wide; second tergite with strong, rather coarse punctures 
and with a strong postmedian transverse groove; epipleura of third 
and fourth tergites apparently represented by very narrow membranous 
margins to the tergites; spiracle of third tergite separated from the 
margin of the tergite by about 3 times its diameter, of the fourth tergite 
separated by about 4 times its diameter. 

Black. Apical 0.4 of mandible, sometimes the apical 0.3 of clypeus, 
pedicel and flagellum except above, and tegula dark ferruginous; 
antenna brown above; two spots on face (sometimes confluent), scape 
except above, a spot covering upper end of epomia, scutellum except 
for a basal semicircular area, postscutellum, apices of femora, fore and 
middle tibiae and tarsi, all but apical 0.35 of hind tibia, and apical 
0.2 of first five tergites bright yellow, the apical yellow fascia of the 
abdominal terga not reaching their lateral margins; trochanters and 
the adjacent ends of the femora and coxae yellow to black; hind tarsus 
fuscous, pale at the base and at the incisures; apical segment of fore and 
middle tarsi more or less infuscate; wings somewhat smoky, the fore 
wing quite dark anteriorly. 

Specimens: o&, Durham, N. H., July, 1905, J. C. Bridwell (Wash- 
ington). 9, Horton, N. Y., July 26, 1935, H. Townes (Townes). 
7, Ithaca, N. Y., July 16, 1935, Victor Tiship (Ithaca). 9, Ithaca, 
N. Y., Aug. 3, 1935, Victor Tiship (Townes). 

This species has a close superficial resemblance to a small Philanthus 
(such as P. gibbosus), Cerceris, or Metopius. The specimen collected at 
Horton, N. Y., was taken on the bank of Be:iverkill Creek on the flowers 
of Pastinaca sativa in company with many small wasps of generally 
similar form and color. 


13. Monoblastus phaeopteris, new species 

Wings brown; abdomen fulvous. 

Male: Fore wing about 6.5 mm. long; clypeus about 2.2 as wide as 
long, evenly convex with sparse small punctures all over; face with fine 
sharp punctures separated by about 3 times their diameter; top of head 
with a conspicuous swelling just back of the ocelli (this swelling absent 
in all other species of the genus except M. melanopteris); occipital carina 
incomplete below, not quite reaching the hypostomal carina; hind margin 
of pronotum a short rounded lobe, slightly elevated; lateral section of 
prepectal carina straight, ending somewhat above the lower corner 
of the pronotum; subtegular ridge anteriorly a weak ridge, posteriorly 
a high carina-like ridge that is up-bowed and somewhat overhanging; 
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tegula rather strongly convex; nervellus broken at its lower 0.4; tarsal 
claws pectinate at base; propodeum with fine distinct punctures; costula 
lacking; lateral carina of propodeum interrupted at the level of the 
propodeal spiracle (complete in all other species of the genus except M. 
melano pteris); first tergite 1.2 as long as wide, its basal corner not 
prominent, projecting about as far laterad as the spiracle; second 
tergite with a distinct postmedian transverse groove and with rather 
sparse, very fine weak punctures; epipleura of third and fourth tergites 
apparently represented by very narrow membranous margins to the 
tergites; spiracle of third tergite separated from margin of tergite by 
about 3 times its diameter, of the fourth tergite separated by about 4 
times its diameter. 

Fulvous. In the type, the frons except laterally, occiput, and lower 
part of thorax and of hind coxa are blackish brown, the darker markings 
not well defined. In the paratype the meso- and metasterna are largely 
blackish brown, the rest of the head and body entirely fulvous. Wings 
brown, the fore wing with an ill-defined subapical paler band. 

Type: o, Cordoba, V. C., Mexico, Dec. 23, 1907, Fredk. Knab 
(Washington). 

Paratype: &, Hidalgo Co., Tex., June 22, 1933, S. Bromley 
(Washington). 


14. Monoblastus melanopteris, new species 


Head, thorax, wings, and legs black; abdomen red. 

Type male: Fore wing 6.2 mm. long; occipital carina meeting 
hypostomal carina at an angle of 50° at 0.8 the basal width of the 
mandible from its lower end; subtegular ridge rounded, posteriorly 
somewhat upbowed and overhanging, and ending posteriorly in a high, 
somewhat overhanging carina; nervellus broken at its lower 0.25; 
tarsal claws pectinate on basal 0.6; propodeum practically impunctate; 
first tergite 1.1 as long as wide, its basal corners prominent, projecting 
distinctly laterad of the spiracles. Agrees otherwise with the structural 
description of M. phaeopteris. 

Abdomen red, the rest of the insect black, including the wings. 
Clypeus, mandible, and posterior half of thorax with vague ferruginous 
inges. 

Type: o, Baruta, D. F., Venezuela, Aug. 7, 1938, G. V. Berthier 
(Townes). 


EXPLANATION OF PLATE IV 


Fic. 32. Thibetoides flosamoris 2, side view. Fic. 33. Dyspetus rufus 2, end 
of abdomen. Fic. 34. Cosmoconus canadensis 9, end of abdomen. Fic. 35. 
Tryphon communis 9, end of abdomen. Fic. 36. Tryphon californicus, ovipositor 
sheath. Fic. 37. Tryphon lusorius, ovipositor sheath. Fic. 38. Tryphon conquil 
letti, ovipositor sheath. Fic. 39. Tryphon machaerus, ovipositor sheath. F1cG. 40 
Tryphon palmaris, ovipositor sheath. Fic. 41. Tryphon hamatus, ovipositor 
sheath, 
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Genus Thibetoides 
Figure 32 
Thibetoides Davis, 1897. Trans. Amer. Ent. Soc. 24: 205. Type: Thibetoides 
flosamoris Davis. Monobas 

First and second tergites ankylosed. Western United States. 

Fore wing 4.5 to 5.0 mm. long; body very short and stout; clypeus 
weakly convex with the median apical part projecting a little, the 
apical margin with an inconspicuous fringe of setae; cheek about 0.2 as 
long as the basal width of the mandible; froms with a small median horn 
just above the antennal sockets; posterior condyles of mandibles 
separated from each other a little farther than are the eyes at the level 
of the clypeal foveae; outer face of mandible at its basal 0.2 flat, with 
large punctures; postero-lateral corner of pronotum incrassate; sub- 
tegular ridge a little enlarged; tegula convex; costula joining the petiolar 
area near its base; areolet present, oblique; second recurrent vein 
angled at the middle, the upper half more strongly curved than the 
lower, with two well separated bullae; nervellus broken near its lower 
0.3; tarsal claws pectinate on their basal 0.3; second tergite completely 
fused with the first, though separated from it by a strong groove, 
coarsely punctate, subapically with a shallow transverse groove, beyond 
the groove less coarsely punctate; fifth tergite very strongly convex 
longitudinally, the abdomen beyond it turned under; epipleura differ- 
entiated and turned under only on the seventh tergite of the female; 


ovipositor sheath sublinear, about 0.7 as long as the second tergite; 


ovipositor decurved, tapered to a sharp point, about 0.3 as long as the 
abdomen. 

Thibetoides seems to be a derivative of the genus Monoblastus 
perhaps of the philanthoides species group. 


Thibetoides flosamoris Davis 
Figure 32 
Thibetoides flosamoris Davis, 1897. Trans. Amer. Ent. Soc. 24: 205 

Siskiyou Co., Calif. (Washington). 

Fore wing about 4.7 mm. long; general shape and structure as shown 
in fig. 832 and as described for the genus; head, thorax and abdomen 
rather closely and coarsely punctate. 

Black or piceous. Apical 0.55 of clypeus ferruginous; mandible 
yellow, shading to brown ish ferruginous at the apex, its base black; 
palpi yellowish ferruginous; scape often yellow in front; flagellum more 
or less stained with ferruginous, paler beneath and apically; pronotum 
usually with an oblong yellow spot on its upper edge; scutellum ye eh 
metanotum often yellow; wings slightly infumate to nearly hya 
coxae and trochanters piceous, more or le ‘ss ye ‘low beneath; femora aad 
tibiae yellow, the apical 0.2 of the hind tibia brown; tarsi yellowish 
basally, darker apically; apical 0.25 of second to fifth tergites yellow. 

Specimens: Arrowh ead, San Bernadino Co., Calif., June 3, 1928, 
E. C. Van Dy te (San 1 Frar Icisco). ca Bair’s Ran oe Redwood Creek, 
Humboldt Co., Calif. June 1 ee Barber (Wasl ington). >? , Fort 
Seward, Calif., May 27, 1935, “i. Ww. Baker ( rca’. 5 o, Yosemite 
Park at 6,200 ft., Calif., July 22 and 25, 1948, H., M., G., D., & J. 
Townes (Townes). 9°, ( ‘orvallis, Oreg., Sept. 3, 1925, D. A. Wilbur 
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(Washington). co’, Glendale, Oreg., Sept. 9, 1897, A. P. Morse 
(Townes). 9, Soda Springs, Benton Co., Oreg., June 21, 1943, G. R. 
Ferguson (Townes). o’, Spokane, Wash., July 2, 1917, H. S. Dyar 
(Washington). 

This species seems restricted to Washington, Oregon, and the 
northern and mountainous parts of California. The specimens from 
Yosemite Park were swept from shaded herbage at the edges of 
meadows. 


Genus Chiloplatys 
For figures, refer to the original description 
Chiloplatys Townes and Townes, 1945. Bol. Ent. Venez. 4:51. Type: Chiloplatys 
lucens Townes. Monobasic. 

Clypeus very large, in profile almost flat; junction of occipital and 
hypostomal carinae raised as a tooth. Mexican. 

Fore wing about 5.0 mm. long; body and legs rather slender, the 
body polished and practically impunctate; clypeus large, its longitudinal 
convexity very weak so that its profile is almost flat, the median 0.3 
of its apical margin with a fringe of closely spaced, parallel setae; cheek 
about 0.3 as long as the basal width of the mandible; posterior condyles 
of mandibles separated farther from each other than are the eyes at the 
level of the clypeal foveae; outer face of mandible at its basal 0.2 
moderately convex, punctate; junction of occipital and hypostomal 
carinae elevated as a triangular tooth; basal flagellar segments very 
long; postero-lateral corner of pronotum with a rather long and promi- 
nent, rounded apical lobe; notaulus absent; subtegular ridge sharp, but 
not prominent; tegula convex; areolet absent or partly closed by a 
trace of the second intercubitus; second recurrent vein rather straight, 
with the two bullae almost or quite confluent; nervellus broken at its 
lower 0.40 to 0.45; tarsal claws pectinate on their basal 0.33 to 0.75; 
second tergite smooth, polished, impunctate; ovipositor sheath narrowly 
linear, about 1.25 as long as the apical depth of the abdomen; ovipositor 
straight, about 0.5 as long as the abdomen. 

Chiloplatys seems to be an offshoot of Monoblastus. At present 
it is known only from Mexico. 


KEY TO THE SPECIES OF CHILOPLATYS 
Face almost flat, but with a small median tubercle just below the antennal 
sockets; hind femur ferruginous; clypeus with its apical third ferruginous; 
apical tergites ferruginous; tarsal claws pectinate on their basal 0.75, 
1. mexicanus 
Face with a large median elongate mound; hind femur castaneous; clypeus 
entirely black; apical tergites black with their apicai edges more or less 
stramineous; tarsal claws pectinate on their basal 0.33...........2. lucens 


1. Chiloplatys mexicanus Cresson 
Tryphon mexicanus Cresson, 1874. Proc. Acad. Nat. Sci. Philadelphia, 25: 391 
Type: o’, Mirador, Mexico (Philadelphia). 
Chiloplatys mexicanus Townes, 1946. Bol. Ent. Venez. 5: 40. Generic position. 
Male: Fore wing about 5.5 mm. long; body and legs a little less 
slender than in Chiloplatys lucens; face evenly, weakly convex, with a 
small median tubercle just below the antennal sockets; upper part of 
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face with moderately close punctures; brachiella present as a short 
stub; tarsal claws strongly pectinate on their basal 0.75. 

Black. Ferruginous as follows: mandible, palpi, apical third of 
clypeus, scape, pedicel, under side of flagellum basally (median and 
apical part missing), posterior corner of pronotum, tegula, legs, and 
abdomen except the basal 0.88 of first tergite, basal 0.7 of second tergite, 
a basal infuscation on the third tergite, and a faint basal infuscation of 
the fourth tergite. Mandible except apically, posterior corner of 
pronotum, tegula, trochanters, and front and middle coxae paler 
ferruginous than the rest; hind tibia and tarsus somewhat infuscate. 

Spec imen: o’, Guadalajara, Mexico, July 21, McClendon (Phila- 
delphia). Described from this specimen, which was compared with 
the type. 

2. Chiloplatys lucens Townes 
For figures, refer to the original description 


it. Venez. 4: 52 


Chiloplatys lucens Townes and Townes, 1945. Bol. E 


Tancitaro, Tancitaro, Michoacan, Mexico, 6,586 ft. (Townes). 


Female: Fore wing 4.7 mm. long; body and legs very slender; face 
with a large median longitudinal mound, its upper part with rather 
sparse, fine punctures; brachiella absent (erroneously figured as present 
in the original description); tarsal claws pectinate on their basal 0.83 

Black. Mouthparts, trochanters, fore and middle coxae, apical 
margin of first three tergites, median part of apical margin of fourth 
and following tergites, basal margin of second and third tergites, epi- 
pleura of fourth and following tergites, and subgenital plate stramineous; 
scape, pedicel, posterior corner of pronotum, tegula, fore and middle 
femora and tibiae, and fore tarsus pale ferruginous brown; flagellum 
basally light brown, the rest black; collar of pronotum indefinitely 
margined with light brown; hind coxa stramineous with a light brown 
dorso-lateral stripe; hind femur, tibia, tarsus, and middle tarsus brown 

Spec imen: Redescribed from the type female from Tancitaro 
Tancitaro, Michoacan, Mexico, Aug 15, 1940, Harry Hor straal, 
(Townes) 


Scolomus, new genus 
Figure 45 


Type: Scolomus viridus, new species 

Coloration black and green; areolet broadly sessile above. Patagonian. 

Fore wing about 8.0 mm. long; body moderately stout as shown in 
fig. 43; clypeus evenly convex, its apical margin truncate, thin, without 
a fringe of setae; cheek about 1.33 as long as the basal width of the 
mandible; posterior mandibular condyles separated by a distance a 
little greater than that between the eyes at ther closest point; outer 
face of mandible at its basal 0.2 convex, with a very few small punctures; 
occipital carina incomplete below; postero-lateral corner of pronotum 
not incrassate nor projecting; anterior part of subtegular ridge with a 
large, laterally projecting thorn; tegula convex; areola elongate 
pentagonal, its posterior side incomplete; basal area obliterated by the 
approximation the median longitudinal carinae, which are high at 
this level; lateral propodeal carina high and incrassate above the 
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spiracle and at its junctures with the transverse carinae; areolet 
pentagonal, broader than high, its upper side the shortest; intercubital 
veins of equal length, equidistant from the second recurrent vein; 
second recurrent vein angled at the middle, with a single broad bulla; 
nervellus broken at its lower 0.2; last segment of tarsi very large, 
curved; tarsal claws very large, with a right angle bend at the middle, 
very broad basally, not pectinate except perhaps at the extreme base; 
dorsal and dorso-lateral carinae of first tergite represented by broad 
weak ridges; second tergite smooth, polished, impunctate. Female 
unknown. 

n spite of its many aberrant characters, Scolomus is closely related 
to Dyspetus. It contains a single Patagonian species. 


Scolomus viridis, new species 
Figure 43 

Male: Fore wing 8.0 mm. long; general shape and structure as 
shown in fig. 43 and as described for the genus; head, prothorax, meso- 
notum, and mesosternum rather closely punctate; mesopleurum polished 
and sparsely punctate; metapleurum rugulose; propodeum polished, 
impunctate; abdomen polished, impunctate. 

Blackish. Coxae, trochanters, femora, tibiae, and first three 
tergites pea green, the tibiae brownish at the apex; tarsi and tibial spurs 
brown; wing membrane distinctly brownish. 

Type: o&, Chubut, Patagonia, from W. F. H. Rosenburg (Wash- 
ington). 

This is one of the very few green ichneumonids. Other green species 
are the Neotropic (Neotheronia) Theronia lineata pectoralis Krieger (new 
combination), and an undescribed Patagonian mesochorine. Meteorus 
australis is a Patagonian braconid with the same black and green 
color pattern as Scolomus viridis. 


Genus Dyspetus 
Figure 33 
Dyspetus Thomson, 18838. Opusc. Ent. 9: 899. Type: (Tryphon  praerogator 

Gravenhorst) =Dyspetus fracticeps Townes. 

Head, as seen from above, with a more or less distinct median notch 
in the occiput; areolet rhombic, longer than high. 

Fore wing about 7.0 to 8.5 mm. long; body of medium build; clypeus 
broad, its basal and apical halves meeting across the middle in a low 
transverse elevation; apical margin of clypeus without a fringe of setae; 
cheek about 0.5 as long as the basal width of the mandible; posterior 
mandibular condyles separated from each other by a distance greater 
than that between the eyes in the lower third of the face; eyes sub- 
parallel within or somewhat divergent below; as seen from above, the 
back of the head with a more or less distinct median notch; postero- 
lateral corner of pronotum not incrassate nor projecting; subtegular 
ridge high and sharp; tegula convex; areola and basal areas confluent 
but with a constriction at their juncture; propodeal carinae sometimes 
subobsolete; areolet rhombic, longer than high, with a very short 
petiole above, receiving the second recurrent vein near its middle; 
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second recurrent vein almost straight, with two well separated bullae; 
nervellus broken at about its lower 0.43; tarsal claws pectinate on about 
their basal 0.3; median dorsal carinae of first tergite represented by low 
rounded ridges; dorso-lateral carina of first tergite sharp to about the 
spiracle, beyond which it is obsolescent; second tergite punctate, with 
postmedian and sublateral impressions that bound a median swollen 
area; ovipositor sheath rather flat, somewhat decurved, flexible near 
the base, about 0.45 as long as the apical depth of the abdomen; 
ovipositor decurved. 

Dyspetus seems closely related to Scolomus and more distantly to 
Monoblastus and Cosmoconus. 

Dyspetes, rather than Dyspetus, is the usual name for this genus. 
Dyspetes was proposed by Foerster in 1868, without included species. 
Jacobs and Tosquinet (1890, Ann. Ent. Soc. Belg. 34:93) included 
the first species, Jchneumon praerogator Linnaeus. Roman (1932, Ent. 
Tidskr. 53:10) examined the type of Ichneumon praergator Linnaeus 
and found it to represent a species of ‘* Angitia”’ (= Horogenes), rather 
than a tryphonine as usually considered. Dyspetes is consequently 
a synonym of Horogenes, and Dyspetes praerogator of authors is without 
aname. Therefore, Dyspetus is used as the only available name for the 
present genus of Tryphonini and the name Dyspelus fracticeps is hereby 
proposed to replace Dyspetes praerogator of authors. Its type is a 
female in the Townes collection with ferruginous hind femur, collected 
Sept. 3, 1883, at Erfurt, Germany. It fits the description of Dyspetes 
praerogator given by Schmiedeknecht (1912, Opusc. Ichneum., p. 2360). 


Dyspetus rufus Provancher, new combination 
Fig Oe 
Exetastes rufus Provancher, 1874. Nat. Cana 7 Type: 9, Cap Rouge? 


Quebec (Quebec museut 


Female: Fore wing about 8.2 mm. long; median notch in back of 
occiput rather shallow and indistinct; meso- and metapleura with rather 
coarse punctures separated by about 1.3 their diameter; propodeum 
polished, with a few indistinct punctures, its carinae high and sharp; 
areolet receiving second recurrent vein a little basad of its middle; 
second tergite with weak punctures separated by about 1.5 their 
diameter; ovipositor sheath rather flat (fig. 33 

Ferruginous. Apical 0.4 of flagellum, fore and middle tibiae, and all 
tarsi fulvous yellow; hind femur, apical 0.25 of hind tibia, and areas on 


}. 


thorax infuscate. 

Specimen: Described from a female without locality data (Wash- 
ington museum) that was taken from Provancher’s collection by Gahan 
in 1916, and at that time compared with the lectotype. The species 
seems known only from Provancher’s series that was taken in Quebec, 


probably at Cap Rouge. 


Genus Cosmoconus 
Figure 34 
Cosmoconus Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande 25: 203. 
Type: Ichneumon elongator Fabricius. Included by Woldstedt 1877. 
Frons with a median tubercle or cylindric horn; cheek 0.4 to 0.9 as long 
as the basal width of the mandible; Nearctic species black and yellow. 
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Fore wing 6.0 to 9.0 mm. long; body of medium build; clypeus rather 
broad, its basal and apical parts meeting in a more or less distinct 
submedian transverse ridge; apical margin of clypeus with a fringe 
of short setae; cheek about 0.4 to 0.9 as long as basal width of mandible; 
posterior mandibular condyles separated from each other by a distance 
a little greater than that between the eyes; outer face of mandible at its 
basal 0.2 flat, punctate; frons with a median horn varying from a low 
tubercle to long and finger-like; postero-lateral corner of pronotum 
incrassate and projecting; subtegular ridge heavy and rather sharp; 
tegula flat above; areolet petiolate or subpetiolate above, subrhombic, 
the second intercubitus a little longer than the first and nearer than 
the first to the second recurrent vein; second recurrent vein with a 
sinuation or angulation just above the middle, but otherwise straight, 
with a single broad bulla or with two narrowly a bullae 
nervellus broken at its lower 0.35 to its up per 0.45; tarsal claws usuz uly 
pectinate only basally but sometimes pec tinate on their basal 0.67; 
second tergite smooth, polished, with numerous small weak punctures; 
ovipositor sheath narrow, its apical half convex and mgid, its basal 
half flatter, a little broader, and somewhat flexible (fig. 34); ovipositor 
weakly downcurved or nearly straight, tapered to a sharp point (fig. 34) 

Cosmoconus seems nearest to Dyspetus, but 1s not very different from 
Tryphon. 

The American species of Cosmoconus, all Nearctic, occur among 
rank herbage in open moist woods, along the edges or in small clearings 
of denser woods, or among rank unshaded shrubbery and herbage. 
Their bright coloration makes them conspicuous. Certain species of 
Mesoleius occur in the same habitats and have habits, size, shape, and 
coloration very similar to the species of Cosmoconus. Mesoleius van- 
couverensis is similar to and occurs with C. arcticus, while Mesoleius 
nigro pictus is similar to and occurs with C. canadensis. 


KEY TO THE AMERICAN SPECIES OF COSMOCONUS 


Frontal horn 0.8 to 3.0 as long as its basal diameter, cone-shaped or fins 
1 


shaped; tarsal claws of female pectinate on their basal 0.65+; fourtl 
tergite entirely yellowish; thorax more strongly and more closely punctate. 
Alaska and west of = Rocky * Mot iin . arcticus 
Frontal horn not more than 0.5 as as its basal diameter, a weak tubercle 
or often almost ach tarsal clay f female pectinate on their basa 
0.35+; fourth tergite more or le )] = r fuscous; thorax less stron 
and less closely — ite; east of the * Mountain 
Middle femur of female more or i s blac . vind coxa of male with more than 
the basal 0.6 black; cheek about 0.57 as long as the basal width of the 
mandible; costula usually strong; Canadian and Transitional zones, 
2a. canadensis canadensis 
Middle femur of female entirely yellowish; hind coxa of male with less than 
its basal 0.4 black; cheek about 0.47 as lot ; the basal width of mandible; 
costula usually weak or absent; Transitional and Upper Austral zones, 
2b. canadensis vallis 


1. Cosmoconus arcticus Brues 


Polyblastus arcticus a S, ae aon Arctic Exped. 1913-18, 3 G: 2: 
Ketchikan, S. Alaska (Otta 
Frontal horn 0.8 to 3.0 as Sia as its basal diameter. 


Fore wing about 8.0 mm. long; cheek about 0.6 as long as the 
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width of the mandible; frontal horn conical to finger-shaped, 0.8 to 3.0 
as long as its basal diameter; thorax more strongly sculptured than in 
C. canadensis; mesopleurum with rather strong dense punctures, its 
lower posterior part usually with rugae between the punctures; costula 
strong: tarsal claws of female pectinate on their basal 0.65+. 

Colored as in C. canadensis except as follows: apical part of first 
tergite, all of second, third, and fourth tergites and all to none of the 
fifth tergite yellow to fulvous; front and middle femora of both sexes 
entirely yellowish sh. 

Specimens: o, Hunters Bay, Alaska, collected by Wickam (Wash- 
ington). o%, Juneau, Alaska, July 25, 1899, T. Kincaid (Townes). 
y', Ketchikan, Alaska, Aug. 7, 1919, H. G. Dyar (Townes). 9, Muir 
Woods, Marin Co., Calif., May 19, 1915, M. C. VanDuzee (San 
Francisco). 3 o’, 9, Cannon Beach, Oreg., Aug. 11, 1940 (H. & M. 
Townes (Townes). y', Forest Grove, Oreg., June 3, 1918, M. C. Lane 
(Washington). 9, Prospect, Oreg., June 20, 1924, C. L. Fox (San 
Francisco). 15 o, 2, Seaside, Oreg., Aug. 10, 1940, H. & M. Townes 
(Townes, Was! ington, Lawrence, W. W. Baker, R. L. Furniss, and 
Philadelphia). 2, Smith River, Douglas Co., Oreg., Sept. 14, 1932 
D. K. Frewing (Washit igton). 2 o, Ashford, Wash., July 6, 1940, 
H. & M. Townes (Townes). Elbe, Wash., July 25, 1940, H. & M. 
Townes (Townes). 50’, 9°, Mt Rainier, Wash.. July 2, 1940, at 2,900 
ft. and Aug. 13, 1940, at 2,700 ft. and 4,700 ft., H. & M. Townes 
(Townes); 9, Wash., July 23, 1893, T. Kincaid (Ithaca); 9, ‘‘QCI” 
(Ottawa) ?, no locality, D. A. Wilbur (Washington). 


Cosmoconus canadensis Provancher 
Figure 34 


Frontal horn not more than U.5 as long as its basal diameter. 
ie wing about 6.0 to 8.5 mm. long; frontal horn a low rounded 
tubercle or sometimes absent, never more than 0.5 as long as its basal 
pear mesopleurum moderately, rather closely punctate; costula 
‘ak, or absent; tarsal claws of female pectinate on their 


Yellow or yellowish fulvous as follows: palpi, clypeus, face, 
g postero-lateral corner of pronotum, bases of wings, all of third 
tergite, more or less of the apical part of the first tergite, and usually 
most of the second tergite. When the second tergite 1s not entirely 
vellowish, it has a broad transverse median black band which 1s often 
ore or less interrupted in the middle. Frequently more or less of the 
basal part of the fourth tergite is yellowish and gare all but an 
apical band is vellowish. Legs yellow a nd black, the amount of vellow 
depending on the subspecies. The face of the ack frequently has an 
indefinite dark median stripe an : the upper 0.4 of the female clypeus 
also frogs ‘ntly darkened. The antenna is blackish brown, more or 

less vellowish or fulvous to the base and apex, especially below. 
inadian, Transitional, and Upper 
and central United States and Canada. 

two subspecies described below 
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2a. Cosmoconus canadensis canadensis P rovanc che T 
Tryphon Canadensis Provancher, 1875. Nat. Canad. 7: 117. T 

(Quebec). 

Fore wing about 7.5 mm. long; cheek about 0.57 
basal width of the mandible; costula usually strong, sometimes weak or 
absent. The general sculpture of this subspecies is a little stronger tha 
in C. canadensis vallis. 

Legs yellowish, black as follows: coxae except often at their apices 
(the hind coxa usually entirely black, never with less than its basal 
(0.6 black) ; hind femur except at the extreme base; middle femur of female 
except for a narrow basal and a broad apical part; often more or less of 
the fore femur of the female; and the basal 0.1 and apical 0.35 of the 
hind tibia. Sometimes the middle femur and rarely the fore femur of 
the male are marked with black as in the female. 

Specimens: Many males and females from CoLoRADO (Steamboat 
Springs); MAINE (Fort Kent and Orr’s Island); MAssAcHuSErts (Mt 
Greylock); MICHIGAN (Kalkaska Co.); MINNESOTA (Itasca, Itasca Park, 
Lake Superior Shore in Rosebush Township, and Sawyer Co.); 
Missourt (Columbia); NEw Brunswick (St. John and Shediac); 
New HAMPSHIRE (Gorham and Randolph); New York (Adirondack 
Mountains, Bemus Point, Boreas River in Essex Co., Breesport, East 
Aurora, Hancock, Ithaca, Oliverea, Onteora Mt. in Greene Co., Saranac 
Lake, and Westville); NORTH CAROLINA (Clingman’s Dome at 6,600 ft 
and Whiteside Mt. near Highlands at 4,730 ft.); Nova Scotia 
(Baddeck); ONTARIO (Constance B., Emsdale iw Rapids, and 
Pelee Island); PENNSYLVANIA (Ganoga Lake in Sullivan Co. and Mt. 
Holly Springs); QuEBEC (Aylmer, Brome, C: encoun Granby, Ile 
d’Orleans, Kazubazua, Knowlton, Lac Mercier, Lanoraie, Quebec, St 
Agathe des Montes, and Sutton); SASKATCHEWAN (‘SY Grass” 
VIRGINIA (Skyline Drive); and VERMONT (Rutland and Stowe) 

This subspecies occurs in the Canadian Zone of the eastern hali 
of the continent with some overlap into the Transitional Zone. Ordi- 
narily it is not found south of New York but 1n the mountains extends 
to southern North Carolina. Adults have been captured from June 8 
(Columbia, Mo.) and June 10 (Quebec, Que.) to September 10 (Sullivan 
Co., Pa.), but most records fall between Julv 15 and August 29, indi- 
cating a single generation emerging mostly in July and staving on the 


wing into early September. 


2b. Cosmoconus canadensis vallis, new subspecie: 

Fore wing about 6.5 mm. | Ng; cheek about 0.47 as lor g as the basal 
width of the mandible; costula usually weak or absent. The general 
sculpture of this subspecies is slightly weaker than in C. canadensis 
canadensis. 

Colored as in C. canadensis canadensis except as follows: fore and 
middle legs of male entirely yellowish and in the female entirely 
yellowish except that thiele femora are fulvous and their coxae basally 
infuscate; hind coxa of the male yellow with the base black or infuscate, 
at lease the apical 0.6 entirely yellow; hind coxa of female blackish 
with about the apical 0.8 fulvous. 
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es 2, on Northwest Branch at University Lane bridge, Takoma 
Park, Md.., Ju ne 14, 1942, H., M., & G. Townes (Townes). 

Paratype s: 2, southern Illinois, collected by Robertson (Wash- 
ington). ; Iowa (Washington). o*, Ames, low: 1 (Washin gton) 
Bowie, Md., May 30, 1945, H. & M. Townes (Townes). ; 
Bowie, Md., May 30, 1945, H. Townes (Washington). 07, , Takoma 
Park, Md , June 6 and 7, 1942, H.& M. Townes (Townes). 9, collected 
with the type (Townes). 92, Laval Co., Que., June 29, 1902 (Ithaca) 
1, Dallas, ee July 10, 1907, R. A. Cushman (Townes). 92, no data 

(Was! enero I 
1 Maryland were from the rank undergrowth 
of moist aad cilia. 


Genus Tryphon 
Figures 35 to 42 and 44 to 48 


Second recurrent vein with a strong zigzag; cheek about 0.15 as long as 
the basal width of the mand pose Holarctic. 

Fore wing 4.0 to 9.0 mm. long; body stout; clypeus broad, its basal 
and apical sections meeting at a transverse ridge; apical margin of 
clypeus with a fringe of rt setae; cheek about 0.15 as long as the 
basal width of the mandible; posterior mandibular condyles separated 
from each other farther than are the eyes at the level of the clypeal 
foveae: outer face of indible at its basal 0.2 flat, rather densely 
punctate; scanec Aneta’ corner of pronotum incrassate, projecting; 
subtegular ridge heavy, usually angul: igs. 44 to 48); tegula flat or 


( 
weakly convex above; areolet iolate, subtriangular, receiving the 
second recurrent vein from near the middle to subapically (fig. 42 

second recurrent vein with one broad bulla or with two bullae separated 
by a small meter area, strongly zigzagged (fig. 42); nervellus broken 
between its lower 0.3 and its upper 0.4; tarsal claws pectinate only at the 


xtreme base; second tergite smooth, variously sig oe Ov1 positor 


sheath finger-shaped to quite broad, about 0.6 as lon g the a ‘al 


depth of the abdomen, its basal part flexible (figs. 35 to 42) \* ovip ek 
decurved or straight, tapered to a sharp point (fig. 35). 

Tryphon is most closely related to Cosmoconus and Dyspetus. It 1s 
divisible into three subgenera 
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Area between posterior condyle of mandible, lower end of occipital carina, 
and hypostoma carina projecting from the condyle mesad by at least 0.3 
the basal width of the mandibic, often somewhat impressed; transvers« 
ridge of clypeus at about the basal 0.3; upper margin of antennal socket 
frequently double, with the upper section usually produced as a crescentic 
flange. Palaearctic... Subgenus Tryphon 

Area between posterior condyle of mandible, lower end of occipital carina, and 
hypostomal carina projecting mesad from the condyle by less than 0.3 the 
basal width of the mandible; transverse ridge of clypeus at or somewhat 

he middle; upper margin of antennal socket never double though 


; produced and modified. Holarctic Subgenus Symboéthus 


1 


Subgenus Noemon 


Figures 36 to 41 
Voémon Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 207. Type: 
1 by Viereck 1914 


Noémon palmaris Davi Designated by 

Central part of face rather sharply elevated and set off as a distinct 
area; apical and basal sections of clypeus meeting in a transverse ridge 
that is at its basal 0.2 to 0.35; apical margin of clypeus with a sparse 
fringe of short, rather slender setae; area between posterior mandibular 
condyle, lower end of occipital carina, and hypostomal carina produced 
mesad from the condyle by less than 0.3 the basal width of the mandible, 
not impressed; upper part of rim of antennal socket simple; tegula 
weakly convex above, outer apical margin of front tibia produced as a 
strong tooth; outer half of apical margin of hind tibia produced beyond 
the sockets of the tibial spurs by about 0.5 the length of the spurs. 

All of the six known species are Californian. The relationships 
between them are not clear. Hamatus stands apart in several unique 
characters. The other five differ among themselves in the punctation of 
the face, of the mesopleurum, of the propodeum, of the petiole, and in 


having the apical part of the ovipositor sheath either strongly or weakly 


——_> 
convex 
adequate basis for grouping the species. 


These characters do not seem to correlate enough to give an 
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Ovipositor sheath narrow (fig. 38), its apical part tapered symmetrically 
from above and below; hind tibia with a conspicuous external yellow 
tne sees rar Sats is Sha orc oars Ee eT TORR OU 

Ovipositor sheath broader (fig. 39), its apical part tapered much more 
strongly from below than from above; hind tibia without a conspicuous 
external yellow stripe... .. Penn eset. lees ......4. machaerus 


Tryphon (Noémon) californicus Cresson 
Figure 36 
Tryphon californicus Cresson, 1878. Proc. Acad. Nat. Sci. Phila., p. 373. Type: 

?, San Diego, Calif. (Philadelphia). 

Face black; hind tibia externally fusco-ferruginous, elsewhere fer- 
ruginous. 

Fore wing about 4.3 mm. long; transverse ridge of clypeus at its basal 
0.23, beyond which there is a weakly impressed transverse groove; 
raised central part of face rather coarsely punctate, with about 50 
punctures; punctures on mesoscutum separated by about 1.5 their 
diameter; mesopleurum with medium sized punctures separated by 
about 1.5 their diameter; fused first and second lateral areas of pro- 
podeum with conspicuous medium sized puncture; first tergite with 
rather close medium sized punctures, in male about 1.5 as long as wide 
and in female about 1.2 as long as wide, its dorsal carinae extending 
about 0.25 its length; third segment of hind tarsus about 2.8 as long 
as wide; ovipositor sheath shaped as 1n figure 36, its apical part strongly 
convex. 

Black. Clypeus fulvous, narrowly blackish across the base; 
mandible yellow, apically ferruginous; palpi brown, the apical three 
segments of the maxillary palpus yellow; tegula yellow; legs beyond 
first trochanters ferruginous, more or less infuscate on the basal part 
of the fore and middle femora, apex of hind femur, the hind tarsus, 
and slightly on the middle tarsus; front and middle tibiae paler 
externally; hind tibiae slightly infuscate externally; apical 0.25 to 0.1 
of first tergite and all of the following tergites ferruginous, or sometimes 
more or less infuscate. 

Specimens: 2 o, 2 (including the type 9) from California 
(Philadelphia). 


2. Tryphon (Noémon) lusorius Cresson 
Figure 37 
Tryphon lusorius Cresson, 1878. Proc. Acad. Nat. Sci. Phila., p. 3 

Calif. (Philadelphia). 

Face black; hind tibia externally yellow, elsewhere ferruginous. 

Fore wing about 5.4 mm. long; transverse ridge of clypeus at its 
basal 0.24, beyond which there is a weakly impressed transverse groove; 
raised central part of face with about 120 moderately coarse punctures; 
punctures on mesoscutum separated by about 1.4 their diameter; 
mesopleurum with medium sized punctures separated by about 1.5 
their diameter; fused first and second lateral areas of propodeum with 
conspicuous punctures; first tergite with rather close medium sized 
punctures, about 1.5 as long as wide, its dorsal carinae extending about 
0.25 its length; glymma of first tergite practically absent (distinct 


in other species of the genus); third segment of hind tarsus about 2.6 as 


‘ 


o. 
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long as wide; ovipositor sheath shaped as in figure 37, its apical part 


weakly convex. 

Black. Apical part of flagellum fulvous beneath; clypeus fulvous to 
ferruginous, black basad of its transverse ridge; mandible vellowish, dark 
ferruginous apically; palpi brown, the apical three segments of the max- 
illary palpus yellowish; fore and middle legs beyond the first trochanters 
yellowish, the basal ventral part of their femora more or less blackish; 
hind leg beyond the first trochanter ferruginous, its second trochanter 

I 


vellow but infuscate ventrally, its femur with a basal ventral and a 
smaller apical dorsal infuscate area, its tibia apically and its tarsus 
except at the joints infuscate, and its tibia with a broad yellow stripe 
extending from its base to near the apex; apical 0.1 to 0.25 of first tergite 
and the rest of the tergites ferruginous. 

Specimens: 2 &, 9 (including the male type) from southern 
California (Philadelphia). 2, Mt. Diablo, Calif., April 20, 1935, 
Bohart (Townes). 9, Mt. Hamilton, Cali, June 2, 1933, Bohart 
(Townes). co, Lancaster, Calif., March 14, 1935, A. L. Melander 
(Cambridge). 


Tryphon (Noémon) coquilletti, new species 
Figure 38 

Face centrally marked with yellow; hind tibia with a conspicuous 
external yellow stripe. 

Fore wing about 4.6 mm. long; transverse ridge of clypeus at its 
basal 0.23, beyond which the clypeus has no impressed transverse groove 
but is flat in profile; raised central part of face with about 150 medium 
sized punctures; punctures on mesoscutum separated by about 1.3 to 
3.0 their diameter; ancueaecons with rather fine punctures separated 
by about 1.7 their diameter; fused first and second lateral areas of 
propodeum finely punctate; first tergite finely and rather closely punc- 
ti ate, about 1.1 as long as wide, its dorsal carinae extending about 0.25 its 
length; third segment of hind tarsus about 1.8 as long as wide; ovipositor 
sheath ‘shaped as in figure 38, its apical part weakly convex. 

Black. Face with a pair of well separated yellow spots on its 
central raised portion; clypeus, mandible, and palpi yellow, the mandible 
ferruginous apically and the palpi brown basally; tegula yellow; front 
and middle legs with their coxae and trochanters blackish, their femora 
ferruginous darkening to brownish towards their bases and narrowly 

ease at their apices, their tibiae ferruginous internally and yellow 
¢ ally, and their tarsi ferruginous, somewhat infuscate apically; hind 
coxa, tarsus except on the base of the ee and first trochanter 
blackish; second trochanter and hind femur ferruginous, the trochanter 

uly and the femur apically; hind tibia 
ferruginous, infuscate basally and apically, and with an external yellow 
stripe extending from near its base to beyond its middle; apical 0.25+ 
of first tergite and the rest of the abdomen ferruginous. 

Type: 9°, Los Angeles Co., Calif., March, D. W. Coquillett 
(Washington). 

__ Paratype: >, Paso Robles, Calif., May 1, 1917, E. C. VanDyke 


1 F rancisco). 


1 
somewhat infuscate bas: 
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Tryphon (Noémon) machaerus, new species 
Figure 39 

Raised central part of face more or less yellow, with about 150 punctures; 
hind tibia without a conspicuous external yellow stripe. 

Fore wing about 5.5 mm. long; transverse ridge of clypeus at its basal 
0.2, beyond which there is a weakly impressed transverse groove; raised 
central part of face with about 150 medium sized punctures; punctures 
on mesoscutum rather fine, separated by about 2.5 their diameter; 
mesopleurum with fine sparse punctures separated by about 4.0 their 
diameter, sometimes very sparse; fused first and second lateral areas of 
propodeum very finely and sparsely punctate; first tergite with fine 
punctures, that of the male about 1.4 as long as wide and of the female 
about 1.2 as long as wide, its dorsal carinae extending about 0.25 its 
length; third segment of hind tarsus about 1.3 as long as wide; ovipositor 
sheath shaped as in figure 39, its apical part weakly convex. 

Black. Central part of face with an elliptical yellowish fulvous area 
which is more or eh completely vertically divided into a pair of spots; 
clypeus, mandible, and palpi vellowish fulvous, the mandible dark 
ferruginous apically and the clypeus blackish on its ane: under side of 
scape light brown; tegula yellow; coxae brown, the fore coxa pale 
brown and the hind coxa blackish brown; first trochanter some shade of 
brown; the rest of the legs ferruginous with the apex of the fore and 
middle femora and the outer side of the fore and a lle tibiae yellow 
and the apical part of the hind tibia and the hind tarsus except for the 
base of the first segment infuscate; base of first tergite black, the rest 
of the abdomen ferruginous. 

Type: 9, Mt. Diablo, Calif., April, 1934, Bohart (Townes). 

Paratypes: of, 5 9, southern California (Philadelphia and Townes). 


Tryphon (Noémon) palmaris Davis 


Figure 40 
Voémon palmaris Davis, 1898. Trans. Amer. Ent. Soc. 24: 287. Type: 
outhern Calif. (Philadelphia 

Face with the central raised part more or less yellow, the rest black; 
central raised part of face with about 50 coarse punctures. 

Fore wing about 6.0 mm. long; transverse ridge of clypeus at its basal 
0.25, beyond which there is a moderately impressed transverse groove; 
raised central part of face with about 50 coarse punctures; punctures on 
mesoscutum rather fine, separated by about 2.5 their diameter; meso- 
pleurum with fine punctures separated by about 2.5 their diameter; 
fused first and second lateral areas of propodeum very finely and 
sparsely punctate; first tergite with fine punctures, that of the male 
about 1.3 as long as wide and of the female about 1.23 as long as wide, its 
dorsal carinae extending about 0.25 its length; third segment of hind 
tarsus about 2.2 as long as wide; ovipositor shaped as in figure 40, its 
apical part strongly convex. 

Coloration as in Tryphon machaerus. 

Specimens: o&, 8 Q (including the female type) from southern 
California (Philadelphia) 
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6. Tryphon (Noémon) hamatus, new species 
Figure 41 

Face entirely yellow. 

Fore wing about 6.0 mm. long; transverse ridge of clypeus at its basal 
0.35, beyond which is a strongly impressed transverse groove; raised 
central part of face with about 50 coarse punctures; punctures on 
mesoscutum separated by about 2.0 their diameter; mesopleurum with 
rather fine punctures separated by about 2.0 their diameter; fused first 
and second lateral areas of propodeum partly incompletely rugose, finely 
and sparsely punctate; lateral and sublateral sections of apical carina of 
propodeum interstitial at the lateral longitudinal carina (not interstitial 
in any other species of Noémon); first tergite with rather fine punctures, 
about 1.3 as long as wide in the male and 1.35 as long as wide in the 
female, its dorsal carinae extending about 0.6 its length; third segment 
of hind tarsus about 2.2 as long as wide; ovipositor sheath shaped as in 
figure 41, its apical part weakly convex; ovipositor (and its sheath) 
shorter than in other members of the genus, only about 0.6 as long as the 
apical depth of the abdomen. 

Black. Face, clypeus, under side of scape and pedicel, a stripe on 
under side of first flagellar segment, mandible, palpi, tegula, apices 
of coxae, trochanters, outer side of fore and middle tibiae, and apices 
of fore and middle femora yellow; apical part of mandible and base of 
maxillary palpus brownish; front and middle legs beyond their 
trochanters yellowish ferruginous; hind legs beyond  trochanters 
ferruginous with the apical part of the tibia and the median part of the 
first two tarsal segments infuscate; coxae of female ferruginous with the 
base black and the apex yellow, of male black with the apex yellow. 

Type: 9, Herkey Creek, San Jacinto Mts., Calif., May 22, 1939, 
E. G. Linsley (Townes). 

Paratypes: 2, E. Highlands, Calif., ‘£4/14,” F. R. Cole (Wash- 
ington). o’, Yorkville, Mendocino Co., Calif., May 17, 1929, E. P. 
Van Duzee (San Francisco). 2, Mt. Hamilton at 3,000 to 4,000 ft 
Calif., June 2, 1933, M. Cazier (Corvallis). 


Subgenus Tryphon 
Tryphon Fallén, 1813. Specimen Nov. Hymen. Disp. Method., p. 16. Type: 


Ichneumon rutilator Linnaeus. Designated by Curtis 1832. 
Psilosage Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 203. New 
synonymy Type: Tryphon ephippium Holmgren. Included by Morley, 1912. 
Otitochilus Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 208 
Type: Tryphon trochanteratus Holmgren. Designated by Viereck 1914 
Central part of face not set off as a distinct elevated area; apical 
and basal sections of clypeus meeting in a transverse ridge that is near 
the basal 0.3 of the clypeus; apical margin of clypeus with a fringe of 
short setae which is often sparse or ragged, the setae slender in the male 
and rather slender to stout and peg-like in the female; area between 
posterior mandibular condyle and lower end of occipital carina projecting 
mesad from the condyle by more than 0.3 the basal width of the 
mandible, often somewhat impressed; upper part of rim of antennal 
socket usually with a crescentic ear-like flange in addition to the normal 


rim; tegula weakly convex above; outer apical margin of front tibia 
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not produced as a tooth, or rarely produced as a small tooth; outer 
half of apical margin of hind tibia produced beyond the sockets of the 
tibial spurs by 0.2 to 0.35 the length of the spurs. 

The species of this subgenus are all Palaearctic. We have examined 
the following: auricularis Thomson 1883, brunniventris Gravenhorst 
1829, ephippium Holmgren 1855, nigripes Holmgren 1855, obtusator 
Thunberg 1822, pleuralis Thomson 1883, relator Thunberg 1822, 
rutilator Linnaeus 1761, separandus Schmiedeknecht 1912, signator 
Gravenhorst 1829, subsulcatus Holmgren 1855, and trochanteratus 
Holmgren 1855. 


Subgenus Symboethus 
Figures 42 and 44 to 48 
Symboéthus Foerster, 1868. Verh. Naturh. Ver. Preuss. Rheinlande, 25: 204. 

Type: Tryphon exclamationis Gravenhorst. Designated by Viereck 1914. 
Quadrigana Davis, 1897.. Trans. Amer. Ent. Soc. 24: 280. Type: T7ryphon ameri- 

canus Cresson. Monobasic. 

Central part of face not set off as a distinct elevated area; apical and 
basal sections of clypeus meeting in a transverse ridge that is at or 
somewhat basad of the middle; apical margin of clypeus with a fringe 
of short setae, slender in the male and peg-like in the female; area 
between posterior mandibular condyle and lower end of occipital carina 
not impressed, projecting mesad from the condyle by less than 0.3 the 
basal width of the mandible; upper part of rim of antennal socket not 
double; tegula flat or weakly convex above; outer apical margin of 
front tibia not produced as a tooth; outer half of apical margin of hind 
tibia produced beyond the sockets of the tibial spurs by 0.2 to 0.35 the 
length of the spurs. 

This subgenus is Holarctic. Its species may be divided into four 
groups as follows: 

1. Mystax group. Unique in having the lateral and sublateral 
sections of the apical propodeal carina not interstitial at the lateral 
longitudinal carina. Included are the Nearctic mystax, rempeli, 
alaskensis, humeralis, communis, and illotus and the European Tryphon 
(Symboéthus) incestus Holmgren 1855 (new combination) and Tryphon 
(Symboéthus) exclamationis Gravenhorst 1829 (new combination). 
Among these, communis, illotus, and exclamationis are aberrant: com- 
munis has a wide ovipositor sheath, illotus a laterally margined 
scutellum and some other unusual characters, and exclamationis with 
its produced margins of the antennal sockets and rather flat face and 
narrow clypeus makes a connecting link with the heliophilus group. 

2. Heliophilus group. Lateral and sublateral sections of apical 
propodeal carina nearly interstitial; subtegular ndge about as in mystax 
group; hair on head and thorax unusually long; clypeus unusually 
narrow, it and the face flatter than in other groups; upper inner margin 
of antennal socket produced as a large tooth. The European Tryphon 
heliophilus Gravenhorst 1829 is the only species. 

3. Viator group. Lateral and sublateral sections of apical propodeal 
carina interstitial, or in americanus the propodeum highly modified; 
subtegular ridge in the form of a lamella with a thin, rather evenly 
convex margin (fig. 48); entire face evenly convex across the center. 
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Included are the Nearctic viator and americanus. Americanus has a 
very peculiar propodeum, which prompted Davis to propose the genus 
Quadrigana for it. 

4. Seminiger group. Unique in having strong, wing-like lateral 
carinae on the scutellum, seventh tergite of female very narrow dorsally, 
and apical part of penis relatively unenlarged; lateral and sublateral 
sections of propodeal carina interstitial. Included in the Nearctic 


seminiger. 

In North America, the species of the subgenus Symboéthus are 
widespread and frequently abundant in the Hudsonian, Canadian, and 
Transitional zones. They appear to be almost totally absent in the 
Upper Austral and southward. The usual habitat is moist grassy 
places: along roadside ditches, the borders of and clearings in woods, and 
in grassy meadows, usually where there is also Eguisetum arvense 
growing. All appear to have a single generation per year. They 
are adult in spring and early summer, or in more northern habitats 
somewhat later in the season. In the Transitional Zone, most are on 
the wing by May 15 and have disappeared by June 20. S. communis 
appears about ten days later and it and S. seminiger remain later in the 
summer, in northern localities until late in August. 

Their abundance, size, and slow flight among the tops of grass 
blades make the species of this subgenus easy to collect. Because all 
have about the same seasonal and ecological distribution, a number of 
species may be found at the same time and place, yet each occurs in 
rather well defined colonies. The factors influencing details of distribu- 
tion of the various species have not been studied, but it has been noted 
that S. seminiger and S. communis have more frequently been collected 
in drier more sunny habitats. No host records are available, though 
seasonal and ecological distribution indicate that they are all parasites 
of sawtlies of the genus Dolerus. 

KEY TO THE AMERICAN SPECIES OF THE SUBGENUS SYMBOETHUS 
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Scutellum without lateral ridges except at its basal corners; clypeus yellow 
or fulvous at least in part; re ridge irregularly shaped (figs. 44, 
45, and 47). : 5 as ; a 

Ovipositor sh eath about 0.7 as wide as hind femur and 2.0 as long as wide 
(fig. 35); median elevated quadrangular section of rie rular ridge with 
more or less distinct fine oblique ridges which do not enclose a depression 
(fig. 47); central 0.75 of face elevated as a low flattened mound; face of 
male entirely black or with median ferruginous or yellow stains 

Ovipositor sheath about 0.45 as wide as hind femur and 3.5 as long as wide; 
median elevated quadrangular section of subtegular ridge with heavy, 
usually irregular ridges which sometimes enclose one or more depre 
areas (figs. 44 and 45); central 0.65 of face elevated as a mound. 

Apical part of hind femur infuscate or black; antennal socket not abnormall 
large, its diameter less than that of the scape; habitat: most of 
Nearctic Region except west of the Continental Divide in the Unit ed 
States and southwestern Canada....... ..da. communis communis 

Apical part of hind femur not or very slightly infuscate; in specimens wit] 
the hind femur mostly black, the apex above is pale; antenr ket ofter 
abnormally large, its diameter usually equal to or greater tha li the 
scape; habitat: United States and southwestern Canada west of the 
Continenta! Divide. . . Paraass 5b. communis foraminatus 

Second tergite closely and distinctly punctate, not conspicuously rugulose; 
clypeus with entire basal declivity blackish steers ..3. mystax 

Second tergite rather distantly or indistinctly punctate; usually con oe 
rugulose; clypeus with the basal de clivity often more or less pale. .. s 

Face and clypeus of male yellow; ee of the female with all or most of the 
yasal declivity blackish; costula usua absent ; 2. alaskensis 

Face of male black; clypeus of both sexes vellow with more or less of the 
basal declivity blackish; costula usually RUE RRMEIN Gs a) 00s) 6 ake 5 9 

Hind coxa ferruginous or partly fanupiio s; hind femur ferruginous; fore 
wing about 5.3 mm. ae subtegular ridge with an obtuse or weakly acute 
median dorsal tooth (fig. 44); face of male often with a median pair of 
vellow spots : 1. rempeli 

Hind coxa and femur black; fore wing about 7.0 mm. long; subtegular ridge 
with a strong acute median dorsal tooth (fig. 45); face of male entirely 
black : : 4. humeralis 


Tryphon (Symboéthus) rempeli, new species 
Figure 44 

Subtegular ridge as in fig. 44, with an obtuse median dorsal tooth; 
face of male entirely or mostly black; costula usually present; second 
tergite rugulose. 

Fore wing about 5.38 mm. long; central 0.65 of face elevated as a 
mound; subtegular ridge with a poorly defined median dorsal tooth, 
below which is an elev: a quadrangular area that is crossed by a few 
sharp coarse rugae (fig. 44); scutellum with lateral ridges only at its 
basal corners; propodeum polished and some eitiaa rugulose, the petiolar 
and posterior lateral areas strongly rugulose; sublateral section of apical 
carina joining lateral longitudinal carina far beyond the lateral section 
costula usually strong; second tergite rugulose. 

Black. Clypeus fulvous yellow with the basal 0.2 to 0.6 of its 
basal declivity blackish; palpi stramineous; mandible yellowish with 
the apical part ferruginous; face of male usually with a median pair of 
longitudinal oval yellow spots, of the female often with these spots 
indicated by indefinite ferruginous areas; scape and pedicel dark fulvous, 
blackish above; flagellum fuscous, dusky fulvous below, paler basally 
and especially pale in the female; tegula pale orange yellow; legs 
ferruginous with the hind coxa more or less blackish basally, especially 





436 Annals Entomological Society of America |Vol. XLII, 


in the male; base of fore coxa of some males blackish; hind tibia basally 
and apically and tarsal segments, except basally, lightly infuscate; 
abdomen of female ferruginous, the first tergite varying from basally 
infuscate to black with its apical 0.15 ferruginous, and the sixth and 
seventh tergites and ovipositor sheath more or less infuscate; abdomen 
of male ferruginous, the first tergite black with its apical 0.15 ferruginous, 
the genitalia, the sixth, seventh, and sometimes also the fifth tergites 
partly or entirely blackish or infuscate; usually the second tergite of the 
male with a broad subbasal transverse infuscate or black band. 

Our males from Mt. Rainier all have a pair of definite yellow marks 
on the face and the second and apical tergites each with a tendency to 
have a subbasal transverse fuscous band. The males from Saskatch- 
ewan have only ferruginous rudiments of the yellow facial spots, the 
second tergite uniformly ferruginous, and the anical tergites almost 
uniformly blackish. 

Type: o&, Mt. Rainier, Wash., taken in rank grasses and herbage 
at Longmire, elevation 2,700 ft., July 18, 1940, H. & M. Townes 
(Townes). 

Paratypes: o&, Bilby, Alta., Aug. 10, 1924, QO. Bryant (Edmonton). 
?, Edmonton, Alta., Aug. 20, 1932, O. Peck (Townes). 4 o’, 
Prince Albert National Park, Sask., J. G. Rempel (Townes), taken 
on the following dates: 2, July 20, 1941; 2 o&, July 25, 1940; and 2 o’, 
Aug. 1, 1940. o, taken with the type (Townes). 2 o&, 9, Fish 
Creek at 2,900 ft., Mt. Rainier National Park, H. & M. Townes 
(Townes), taken on the following dates: o, July 28, 1940; 9, July 29, 
1940; and o’, Aug. 14, 1940. 

The species is known from Washington, Alberta, and Saskatchewan. 
The specimens taken by the authors are all from shrubbery and rank 
mixed grasses and herbage along streams, in two localities bordering 


between the Transitional and Canadian zones. 


Tryphon (Symboéthus) alaskensis, Ashmead, 
new combination 
Polyblastus glacialis Ashmead, 1902. Proc. Wash. Acad 

St. Paul Is., Alaska (Washington 
Tryphon alaskensis Ashmead, 1902. Proc. Wash 1. Sci. 4: 215. Type: 

St. Paul Is., Alaska (Washington). 

Face of male entirely yellow, subtegular ridge as in T. rempeli (fig. 44); 
costula usually absent. 

Fore wing about 5.6 mm. long; central 0.65 of face elevated as a 
mound; subtegular ridge with a poorly defined median dorsal tooth, 
below which is an elevated quadrangular area that is crossed by a few 
sharp coarse rugae; scutellum with lateral ridges only at its basal 
corners; propodeum somewhat dull and rugulose; sublateral section of 
apical propodeal carina joining lateral longitudinal carina far beyond 
the lateral section; costula usually lacking; second tergite closely 
rugulose and weakly indistinctly punctate. 

Black. Face and clypeus of male yellow; face of female black; 
clypeus of female yellow with the basal declivity blackish or mostly 
blackish; palpi pale yellow; mandible yellow, ferruginous apically ; under 
side of antenna fulvous; tegula stramineous to light brown; front and 
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middle coxae of male ferruginous to blackish, yellow beneath, of the 
female ferruginous to castaneous; hind coxa of male ferruginous with 
the base infuscate, to entirely black, of the female castaneous to black; 
trochanters of male yellow, of female castan - us; femora ferruginous, the 
hind femur blackish apically; front and middle tibiae and tarsi of male 
yellow, of female pale ferruginous: hind tibia stramineous with the 
basal 0.15 and apical 0.3 infuscate, from these bands gradually shading 
into the stramineous central portion of the tibia; segments of hind tarsus 
fuscous, stramineous basally: ; apical 0.5 to 0.12 of first tergite and all of 
the second, third, and fourth tergites ferruginous, or in some males these 
tergites more or less infuscate and in some females the fourth tergite 
largely infuscate; genitalia brown. 

Specimens: o', Anchorage, Alaska, June 12, 1921, J. M. Aldrich 
(Washington). o, 2 9, Anchorage, Alaska, June 15, 1921, J. M. 
Aldrich (Washington). 9, Naknek Lake, Savonoski, Al — July 13, 
1919, J. S. Hine (Columbus). 92, Naknek Lake, Savonoski, Alaska, 
July 19, A. J. Basinger (San Francisco). 5 &%, 7 @, eisih Lake, 
Savonoski, Alaska, July 25, 1919, A. J. Basinger and J. S. Hine (San 
Francisco, Columbus, and Townes). 3 o, 9, St. Paul Is., Alaska, 
July 11, 1939, E. C. Johnson (San Francisco). o, St. Paul Is., Alaska, 
July-Aug., 1925, A. Christofferson (San Francisco). o%, Banff, Alta., 
June 29, 1925, Owen Bryant (Washington). ", High Prairie, Alta., 
July 10, 1937, E. H. Strickland (Townes). — - vert National 
Park, Sask., July 20, 1941, J. G. Rempel (Town o', Ashford, 
Wash., July 10, 1940, H. & M. Townes (Towne 

This species occurs oa Alaska south to Sasl cat hewan and Wash- 
ington. The specimen taken in Washington by the authors was found 
in mature Pseudotsuga forest (Transitional Zone) with considerable 
undergrowth, but the distributional records at hand indicate a more 
northern habitat, as typical. 


3. Tryphon (Symboéthus) mystax, new species 

Second tergite closely and conspicuously punctate, not conspicuously 
rugulose; basal declivity of cly pe us black; scutellum without wing-like 
lateral margins; subleg ular ridge not in the form of an upright lamina. 

Fore wing about 6.4 mm. long; central 0.65 of face elevated as a 
mound; subtegular ridge with an acute slightly projecting median dorsal 
tooth, below which is an elevated quadrang ular area that is coarsely 
and sharply wrinkled; scutellum with lateral ridges only at its basal 
corners; propodeum somewhat dull and rugulose; sublateral section of 
apical propodeal carina joining lateral longitudinal carina far beyond the 
lateral section; costula wei ik or absent; second tergite with close distinct 
punctures, basally the punctures somewhat obscured by rugosity. 

Black. Apical half of clypeus dark fulvous, the entire basal 
declivity black; mandible fulvous, dark ferruginous olla: labial 
palpus brown; maxillary palpus yellowish beyond the middle of the 
second segment, the rest dark brown; flagellum dusky fulvous, paler 
apically and below: tegula I lack: COXae black; basal tre whanters black 
to dusky ferruginous, the apical trochanters somewhat paler; legs 
beyond trochanters ferruginous, the hind femur apically, the hind 
tibia basally and apically, and the segments of the hind tarsus except 
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basally all dusky; apical 0.12 to 0.4 of first tergite, all of second and 
third tergites, and basal 0.3 to all of fourth tergite ferruginous. 

A male from Fairbanks, Alaska, has an indistinct median transverse 
fuscous band on the second and third tergites and a male from Bayfield, 
Colo., has the fore femur infuscate basally, the middle femur entirely 
infuscate, and the hind femur black. 

Type: 9°, Waskesiu, Sask., June 16, 1938, J. G. Rempel (Townes). 

Paratypes: 92, Anchorage, Alaska, June 15, 1921, J. M. Aldrich 
(Washington). co’, Fairbanks, Alaska, June 30, 1921, J. M. Aldrich 
(Washington). 2 o, 9, Edmonton, Alta., July 6, 1940, July 9, 1929, 
and July 14, 1935, E. H. Strickland (Edmonton). 92, Ground Hog 
Basin in the Big Bend country of the Selkirk Mts., B. C., Aug. 4, 1905, 
J. C. Bradley (Ithaca). o”, Granite Peaks Camp at 9,000 ft., Bayfield, 
Colo., July 18 to 31, 1928, J. Bequaert (Cambridge). co Rocky Mt. 
National Park at 9,400 ft., June 16, 1948, H., M., G., D., & J. Townes 
(Townes). 9, Rocky Mt. National Park at 9,400 ft., Aug. 9, 1949, 
H., M., D., & J. Townes (Townes). 7%, Oquossoc, Me., July 3, 1922 
(Cambridge). oc, Bretton Woods, N. H., June 30, 1909, E. P. VanDuzee 
(San Francisco). o, Normandale, Ont., June 5, 1931, G. S. Walley 
(Ottowa). 2, Knowlton, Que., ¥: 1e 25, 1929, L. J. Milne (Ottawa). 

Megantic, Que., June 16, 1923, . H. Curran (Ottawa). 10 0’, 

Mi. Lyall at 1,500 ft., Que., W. J. aes (Ottawa), taken in 1933 on 
the following dates: 3 7, July 25:2 o", 9, July 26; # na y oil 2 , 
July 31; o, Aug. 2; and o’, Aug. 7. 2,4 9, Waskesiu, Sask., J. ¢ 

Rempel (Townes), taken in 1938 on the following dates: ¢ June 14. 
2 o', 2 9, June 15; and 2, June 16. 9, Ashford, Wash., July 20, 


1940, H. & M. Townes (Townes). oo”, Mt. Rainier, Wash., at 4,700 ft., 
July 11, 1940, H. & M. Townes (Townes). 

This species occurs across the continent in the Canadian Zone. The 
specimen from Ashford, Wash., was taken in the Transitional Zone, but 
this habitat appears unusual. 


4. Tryphon (Symboéthus) humeralis, new species 
Figure 45 

Sublegular ridge with a strong acute median dorsal tooth; hind femur 
black. 

Fore wing about 7.0 mm. long; central 0.65 of face elevated as a 
mound; subtegular ridge with an acute strongly projecting median dorsal 
tooth, below which is an elevated quadrangular area with a few strong 
ridges usually enclosing a strong depression (fig. 45); scutellum with 
lateral ridges only at its basal corners; propodeum somewhat dull and 
rugulose; sublateral section of apical propodeal carina joining the lateral 
longitudinal carina far beyond the lateral section; costula strong; second 
tergite rugulose and with indistinct punctures. 

Black. Clypeus yellow, fulvous apically; mandible yellow, shading 
to dark ferruginous at the tip; palpi yellow, the basal part of their 
basal segments more or less brown; flagellum pale beneath, extensively 
so towards the apex; tegula black; coxae black, their apices usually pale; 
basal trochanters brown to blackish, their apices pale and the hind 
basal trochanter darkest; apical trochanters brown to ferruginous; front 
and middle legs beyond trochanters ferruginous, their tibiae paler and 
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their femora sometimes infuscate above; hind femur black; hind tibia 
stramineous, its basal 0.12 and apical 0.45+ infuscate, the fuscous 
and stramineous areas not sharply delimited; segments of hind tarsus 
fulvous, infuscate apically; apical 0.2 to 0.5 of first tergite, all of second 
to fourth tergites, and sometimes the basal 0.4 of the fifth tergite in the 
male, or in the female as much as all of the fifth and basal 0.4 of the 
sixth tergite ferruginous. 

The female from Mackinaw Co., Mich., has the clypeus blackish 
with the median transverse ridge dark ferruginous. All other specimens 
have the clypeus entirely pale except often for its basal margin. 

Type: o, collected in a rank growth of Equisetum arvense, grasses, 
sedges, and low willows along the marshy edges of a small bottomland 
stream at the CCC camp at Moosic, Pa., May 16, 1945, H. Townes 
(Townes). 

Paratypes: 3 9, Rocky Mt. National Park at 9,400 ft., Aug. 8 and 9, 
1948, H., M., D., & J. Townes (Townes). o, Oquossoc, Me., July 5, 
1942 (Cambridge). @, Mackinaw Co., Mich., July 5, 1937, R. R. 
Dreisbach (Townes). co, Jaffrey, N. H., June 16 (Cambndge). o& 
Ithaca, N. Y., June 6, 1987, P. P. Babiy (Townes). 9, Patterson, 
N. Y., June 17, 1937, H. Dietrich (Ithaca). 3’, Saranac Lake, N. Y., 
June 23, 1946, R. T. Mitchell (Mitchell). o, collected with the type 
(Townes). oo”, collected at the type locality, May 4, 1945, H. Townes 
(Townes). 7, near Cookshire, Que., June 23, 1938, H. & M. Townes 
(Townes). 9, Burlington, Vt., June 22, 1906 (Cambridge). 


Tryphon (Symboéthus) communis Cresson, 
new combination 


Figures 35 and 47 


Ovi positor sheath about 0.7 as wide as the hind femur. 

Fore wing typically about 8.0 mm. long, but size often much smaller; 
face unusually broad, its central 0.75 elevated as a flattened mound; 
subtegular ridge with a strong median dorsal tooth, below which is an 
elevated quadrangular area that is obliquely concave and traversed by 
some rather fine oblique ridges (fig. 47); scutellum with lateral ridges 
only at its basal corners; propodeum polished and more or less rugulose; 
sublateral section of apical propodeal carina joining lateral longitudinal 
carina far beyond lateral section; costula usually strong; second tergite 
closely and rather strongly rugulose, with some indistinct punctures; 
ovipositor sheath about 0.7 as wide as the hind femur and 2.0 as long as 
wide (fig. 35); ovipositor strongly down-curved. (In all other species of 
the subgenus the ovipositor sheath is about 4.5 as wide as the hind 
femur and about 3.5 as long as wide, and the ovipositor is straight or 
weakly downcurved. ) 

Trvphon communis is represented by the two subspecies described 
below, one of which has a well marked color variety. For descriptions 
of coloration see under these. 

Specimens: For detailed data, see under the two subspecies. 

This species occurs 1n damp grassy places throughout the Transitional 
and Canadian Zones, and probably also throughout the Hudsonian 
Zone of North America from Nova Scotia to Maryland and west to 
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Alaska, California, and New Mexico. There seems to be a single 
generation per year, the adults being on the wing in Transitional localities 
from the last of May through June, with smaller numbers present until 
early in August. In more northern localities it is common in July. 
Early and late collecting dates of interest are April 18 at Tuolumne, 
Calif.; May 5 at Columbia, Mo.; May 16 at South Hadley, Mass.; 
May 18 at Rock Island, I].; May 19 at Columbus, Ohio and at Ithaca, 
N. Y.; May 20 at Spring Brook, Pa.; May 21 at Houston Co., Minn.; 
May 22 at Agassiz, B. C.; May 31 at Stittsville, Ont.; August 8 at 
Herkimer, N. Y.; August 9 at Chester, Mass.; August 12 at Truro, N.S.; 
August 15 at Rutland, Vt.; and August 19 at Ashford, Wash., at Ile de 
Montreal, Que., and at Ft. Kent, Me. Males predominate earlier 
in the season and females later, but males are not rare in July and one 
was caught August 9, at Chester, Mass. In the Hudsonian Zone of 
Mt. Rainier, Wash. (at 5,300 ft.), the authors found males as late as 
August 16. The species appears on the wing later than most others of 


its genus. 


5a. Tryphon (Symboéthus) communis communis Cresson, 
new combination 
Tryphon communis Cr n, 1868. Trar Amer. Ent. Soc. 2: 103. 
(Philadelphia 
Tryphon clypeatus (a: clypealis on p. 309) Provancher, 1875. Nat. 
7: 309, 311. Type: o”, Que. (Quebec). 
Tryphon pediculatus Provancher, 1886. Addit 
Type: o’, Bécancour, Que. (Quebe« 
Trvyphon communis var. atripes Davi 
New synonymy. : 
Grypocentrus rufitermin 


Mass. (Cambridge 


Differs from the other subspecies (foraminatus )in having the antennal 
socket of normal size, its diameter distinctly smaller than that of the 
scape, and in having the hind femur ee kish or infuscate apically 
above or sometimes entirely blackish 

The color is unusually variable. Typically it is as follows: Black. 
Clypeus, mandible, and palpi yellow, the mandit ble ferruginous apically 
and the clypeus with its = isal 0.1 to 0.2 black; under side of flagellum 
dusky fulvous, more extensively so towards its apex; tegula yellow or 
ferruginous to black; legs ferruginous, the hind femur apically above 
blackish, the hind tibia with about its basal 0.15 and apical 0.45 more 

less infuscate, and the segments of the hind tarsus more or less 

‘uscate toward their apices; central part of hind tibia pale fulvous and 
gradually 1 ‘uscate basal and apical portions; basal 
tergite al 

abdomen ferruginous. 
ommon variations include forms et as much as the basal 0.4 of 
‘lypeus black or sometimes the clypeus dark ferruginous brown or 


—s 
Jackish with a central transverse paler band. There are varyit 


1 
l 
1 
| 


he apical part of the abdomen black, the 


t 7 


amounts of infuscation on the legs, commonly including a black } ‘ind 
coxa and femur an metimes black fore and middle coxae, more or less 
ters, basal part of the fore and middle femora, 

and tarsus. The amount of black on the first 
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tergite and on the apical part of the abdomen varies considerably. 
Sometimes the hind tibia and tarsus are almost uniformly ferruginous. 
Males frequently have the entire abdomen black or blackish. These 
in the past have been designated the variety clypeatus, and because 
of this and the infrequency of intergrades, distri ution records for this 
color form are discussed separately below. Specimens from Alaska are 
rather uniformly small, dé a. and with the abdomen beyond the fourth 
or fifth tergites blackish, but are not given a separate name in this paper. 

Specimens (excluding males with the abdomen black): Many 
males and females from ALAsKA (Anchorage, Fairbanks, Healy, and 
Skagway); ALBERTA (Banff); CoLorRApo (Rocky Mt. National Park 
at 9,400 ft.); ConNectTicuT (Hartford); District of CoLuMBIA (Wash- 
ington); ILLINoIs (Algonquin, Oregon, Rock Island, Savoy, and 
Sherman); MAINE (Ft. Kent, Lincoln Co., Portland, Salisbury Cove, 
and Southwest Harbor); MANITOBA (Transcona); MASSACHUSETTS 
(Auburndale, Chester, Fitchburg, Holliston, North Adams, Princeton, 
Southbridge, and South Hadley); Micui1GAN (Arenac Co., Clare Co., 
East Lansing, Iosco Co., Lapeer Co., Mecosta Co., Midland Co., and 
Missaukee Co.); MINNESOTA (Chisago Co., Grand Rapids, Houston 
Co., Itasca Park, and Rice Co.); Missouri (Clayton and Columbia) 
New Brunswick (“Barber D.” and St. Andrews); NEW HAMPSHIRE 
(Bretton Woods, Hanover, Jaffrey, Mt. Washington, and Pinkham 
Notch); New York (Alleghany State Park Axton in the Adirondack 
Mountains, Bemus Point, Breesport, Heart t Lake in Essex Co., Herkimer, 
Ithaca, Junius, Labrador Hollow in Onondaga Co., McLean, Milford 
Center, Mix Creek Valley in Cattaraugus Co., Mt. Marcy, Oswego, 
Pulaski, Raquette Lake, Rome, Salisbury Center, Saranac Lake, 
Spencer Lake, and Syracuse); Nortu Dakota (Forman); Nova Scotia 
(Truro and Kings Co.); Onto (Akron and Marion Co ); ONTARIO 
(Alexander Bay, Bell’s Corners, Bobcaygeon, Ft. Erie, Hastings Co., 
Kearney, Leamington, Merivale, Moosonee, Orillia, Ottawa, Stittsville 
Smoky Falls in the Mattagami River, Strathroy, and Waubamic); 
PENNSYLVANIA (Camphill, Kingsley, Spring Brook, Wilawana, and 
Youngwood); QUEBEC (Aylmer, Beaulieu, Bolton Glen, Brome, 
Cascapedia, near Cookshire, Ft. Coulonge, Gracefield, Granby, Hem- 
mingford, Hull, Joliette, Knowlton, Lac Mercier, Laval Co., Meach 
Lake, Mer Bleue, Montreal, Mt. Lyall at 1,500 ft., Stoneham, and 
Valley Junction); SASKATCHEWAN (Prince Albert National Park = 
Waskesiu); and VERMONT (Burlington, Jacksonville, Lake Willought 
Plainfield, Rutland, and St. Albans). Specimens from Alberta (Banfi 
Bilby, and Lethbridge) are intermediate to the subspecies foraminatus 
Their antennal sockets are usually somewhat enlarged but the hind 
femur may have the apical dorsal blackish area distinct or practically 
absent. In addition there is a male from Jemez Spring, N. Mex., 
which probably belongs to the present subspecies. Its hind femur is 
entirely black. 

This subspecies occurs east of the Rocky Mountains. Alaskan 
material is placed here also. 

There is a distinctive color variety of this subspecies differing in 
having the abdomen entirely or almost entirely black or blackish. It is 
known only in the male sex. We have seen specimens of it from: 
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CoLorapo (Ft. Collins); ILLINoIs (Savoy and Urbana); Iowa (Ames); 
MAINE (Mt. Desert); MICHIGAN (Agricultural College, Iosco Co., and 
Midland Co.); MINNEsoTA (Fillmore Co., Houston Co., Itasca Park, 
Loman, and Traverse Co.); NEw Brunswick (‘‘Barber D.’’); NEw 
HAMPSHIRE (Glen House, Jaffrey, and North Adams); New York 
(Center Lake, Downsville, Ithaca, McLean, Mix Creek Valley in 
Cattaraugus Co., Oswego, Rock City in Cattaragus Co., Saranac 
Lake, Slide Mt., Spencer Lake, and Syracuse); Nova Scotia (Truro); 
ONTARIO (Hastings Co., Leamington, Ottawa, and Toronto); PENNsyYL- 
VANIA (Spring Book and Wilawana); and QUEBEC (Brome, Gracefield, 
Hull, Joliette, Knowlton, Lac Ste. Marie, Montreal, Quebec, and 
Valley Junction). 

This variety seems to occur throughout the range of the subspecies. 
It may occur in as much as 50% of the males of a population, as was 
found about May 20, 1945, at Spring Brook, Pa., or may be absent 
where typical males are common. There seems a tendency for it to be 
more common among earlier season males than among later ones. A 
corresponding dark male variety is very infrequent in the subspecies 
foraminatus. 


5b. Tryphon (Symboéthus) communis foraminatus, 
new subspecies 
Differs from the typical communis in having the antennal foramen 
more or less enlarged, especially in the male. The foramen is usually 
larger than the diameter of the scape and contains an unusually con- 


spicuous yellow connecting area. The apex of the hind femur is not or 
only slightly infuscate and the general coloration of the legs and 
abdomen is usually more uniformly bright ferruginous than in the 
typical subspecies. 


Type: 92, Ashford, Wash., July 10, 1940, H. & M. Townes (Townes). 


Paratypes: Many males and females from BRITISH COLUMBIA 
(Carbonate on the Columbia River at 2,600 ft., Corfield, Kaslo, and 
Vancouver); CALIFORNIA (Angora at Lake Tahoe, Cisco, Cobb Mt. in 
Lake Co., Donner Pass, ‘‘Gr. Alpine Cr.”’ at Tahoe, Herkey Creek and 
Idyllwild in the San Jacinto Mts., Tejon Canyon in Kern Co., Tuolumne 
and Yosemite Park at 8,700 ft. and 10,500 ft.); CoLoRADO (Forresters) ; 
Ipano (Troy); MONTANA (Belton and Drummond); OREGON (Cannon 
Beach, Corvallis, Fish Lake at 7,000 ft. in the Steens Mountains, 
Haines, Seneca, and Strawberry Camp at 5,700 ft. in Grant Co.); 
WaAsHINGTON (Ashford, Elbe, Olympia, and Mt. Raimter at the eleva- 
tions of 2,700 ft., 2,900 ft., 4,200 ft., 5,000 ft., and 5,300 ft.); and 
WyominG (Big Horn Mountains near Buffalo at 6,000 ft.). These are 
in the collections of Townes, Washington, Corvallis, San Francisco, 
Ithaca, Lawrence, Ottawa, Berkeley, Bohart, and Philadelphia. 

In additional to the above, there is a series of 31 o%, 22 9 from 


4 


Fish Camp, Calif. (Townes Collection) which may represent a third 
subspecies. The specimens are very close to communis foraminatus 
but the ovipositor sheath is shorter and broader, and ovipositor shorter 
and more strongly curved, and there are some additional minor 
differences. 
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This subspecies is limited to the United States and Canada west 
of the Continental Divide. It shows its subspecific characters most 
strongly in Washington State in and west of the Cascade Range. A 
large series from Alberta (Banff, Bilby, and Lethbridge) is intermediate 
to typical communis. Some of the specimens almost lack the femoral 
dark mark. Others have it distinct. The antennal foramen is dis- 
tinctly enlarged in most of the specimens. The ecology and seasonal 
distribution appear to be the same as in the typical subspecies but 
perhaps with most of the adults on the wing a little later in the season. 
The specimens before us were taken largely in July and August. 


6. Tryphon (Symboéthus) illotus, new species 
Figure 46 

Scutellum bordered by strong lateral ridges almost to its apex; clypeus 
entirely black. 

Type male: Fore wing 6.8 mm. long; central 0.6 of face elevated 
a somewhat irregular mound; subtegular ridge rather sharp, arched, 
joined medially from above by a short strong carina, anteriorly below 
sloping off to the mesopleurum, its posterior half subtended by a deep 
cleft (fig. 46); scutellum with strong lateral ridges almost to its apex, 
between which it is polished, weakly convex and sparsely punctate; 
propodeum polished and weakly rugulose ; sublateral section rol apical 
carina joining lateral longitudinal carina far beyond the lateral section; 
costula strong; second tergite polished and finely punctate. 

Black. Apical half of clypeus piceous; mandible blackish, the apical 
half dusky ferruginous (the mandible of the type may be discolored and 
may have been yellowish or ferruginous in life); palpi light brown, the 
basal segment of each piceous; tegula black; middle and hind coxae 
black; fore coxa and first trochanters piceous; legs beyond first 
trochanters ferruginous, with the apex of the hind femur, hind tibia, 
and of the hind tarsal segments somewhat infuscate; median apical 
part of first tergite and all of the abdomen beyond its first segment 
ferruginous. 


Type: o’, Pullman, Wash., May 28, 1917, H. C. Donohoe (St. Paul). 


Tryphon (Symboéthus) viator, new species 
Figure 48 


Subtegular ridge projecting upwards as a lamina; costula present. 

Fore wing about 6.5 mm. long; entire face evenly convex across the 
middle; subtegular ridge projecting upwards as a lamina with its margin 
sharp and rather evenly convex, without a median dorsal tooth (fig. 48); 
scutellum with lateral ridges only at its basal corners; propodeum 
polished and rugulose, the lateral and sublateral sections of its apical 
carina interstitial at the lateral longitudinal carina; costula present; 
second tergite with close, distinct punctures. 

Black. Clypeus, mandible, and palpi yellow or fulvous, the apical 
part of the mandible and sometimes the apical 0.4 of the clypeus 
ferruginous; antenna fulvous, more or less infuscate above and medially; 
tegula vellow; legs ferruginous with the tibiae and tarsi pale ferruginous, 
the apex of the hind femur blackish above and the hind tibia with its 
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apical 0.3 infuscate and sometimes the basal 0.12 somewhat darkened, 
the infuscate ends fading gradually into the pale central portion; 
abdomen ferruginous, the basal 0.8 to 0.7 of the first tergite black or 
h lackish and frequently the apical tergites black or blackish to as far 
basad as the fourth tergite. 

Type: 2, collected among grass and Solidago along a small stream 
at the of a woodlot eight miles southeast of the center of Akron, 
Ohio, May 18, 1941, H. Townes (Townes). 

oan: Many males and females from ALBERTA (Radnor); 
CoLorapo (Boulder); Connecticut (Darien); ILLinois (C c mpaign 
Co., Decatur, Four tain Bluff, Oakwood, Pulaski, and Watseka); 
IOWA (Jefferson Co. and Washing gton Co.); KANSAS (Baldwin): MAINE 
(Southwest Harbor): MANITOBA (Victoria Beach); MASSACHUSETTS 
(Rutland); MicHIGAN (Agricultural College and Detroit); MINNESOTA 
(Crookston, Floodwood, Itasca Park, Luverne, Marshall Co., and 
Mille Laces Lake near Vineland); Missourt (Columbia and New 
Hartford); NEw HAMPSHIRE (Glen House and Hampton); NEw York 
(Armonk, Dix Hills on Long Island, Ithaca, McLean, Mix Creek 
Valley and Rock City in Cattaraugus Co., Orient, Waterville, and West 
Nyack); Onto (Akron, Columbus, London, and Sandusky); ONTARIO 
(Black urn, Lean ington, Mer Bleue, and a PENNSYL- 
VANIA (Spring Brook); QUEBEC (Aylmer, Bolton Glen, Brome, Bursidge, 
Gracefield, and Stoneham); RuHopE ISLAND (Westerly); ‘and SAs- 
KATCHEWAN (Dafoe Paratypes are in the collections of Townes, 
Ottawa, Washington, Ithaca, Urbana, Cambridge, Lawrence, St. Paul, 

and Edmonton. 

The species occurs in damp grassy places th roughout he Transi- 
tional Zone and in the warmer part of the Canadian Zones from ihe 
Atlantic coast west to Alberta and Colorado. There is a mrigte ge 
eration a vear. In most localities, the adults begin to appear in numbe - 
between May 15 and May 20, are common until about Sie 15, and 
scarce afterwards We ave records of open captures in July. Early 
and late records of interest are May 3 at Columbia, Mo.; May 13 at 
McLean, N. Y.; May 16 at Spring feouke o - May 18 at Akron, Ohio; 
May 19 at Decatur, Ill.; May 22 at Hampton, N. H.; May 25 at Brome, 

ine 30 at Victoria Beach, Man.; July 2 at Floodwood, Minn 
Dafoe, Sask.; and July 18 at Orient, N. Y. Males are some- 


idant in the early part of the season and females later 


Tryphon (Symboéthus) americanus Cresson, 
new combination 


IS64. Pr ent. Soc. Phila. 3: 276. 


1864. Proc. Ent. Sor Rila...3%3 Type: 9, Penn. 


Propodeum with four high sharp longitudinal carinae and no cross 


carinae. 
Fore wing about 7.0 mm. long; entire face evenly convex across the 
middle; subtegular i abet  erigagaerbe lamina with its margin 


sharp and rather nly vex, Without a median dorsal tooth (as in 
T. viator, fig. 48); scutellun with lateral ridges only at its basal corners; 





1949] Townes and Townes: American Tryphonini, II 445 


propodeum with four very high longitudinal carinae extending from its 
base to its apex, between which the propodeum is concave, polished 
and impunctate; pleural areas of propodeum normal, somewhat polished 
and rugulose; costula and petiolar area not present; second tergite 
closely rugulose with indistinct punctation, to punctate with indistinct 
rugulosity. 

Male: Black. Face, clypeus, palpi, and mandible yellow, the 
mandible ferruginous apically; scape and pedicel yellow below, dusky 
above; flagellum fulvous apically and basally, the basal few segments 
below usually yellowish; tegula yellow; fore and middle legs yellow, their 
femora tinged with ferruginous above; hind coxa black with the apex 
yellowish, to ferruginous with the base black and the apex yellowish; 
hind trochanters yellow; hind femur with the extreme base yellow, the 
rest black or ferruginous with an apical dorsal black mark  (Inter- 
grades between the black and ferruginous types of hind femur are 
unusual); hind tibia stramineous with its basal 0.15+ and apical 0.4+ 
fuscous, the fuscous bands not sharply set off from the median paler 
portion; segments of hind tarsus dusky, stramineous basally. 

Female: Colored like the male except that the face is black or 
black with a pair of ill-defined median yellow or ferruginous spots, the 
clypeus often blackish on its basal 0.2+, the front and middle legs and 
hind trochanters ferruginous, the hind coxa ferruginous with its base 
more or less infuscate, the hind femur ferruginous with an apical dorsal 
black mark or rarely black with its extreme base pale ferruginous, and 
the hind tibia somewhat more extensively marked with fuscous. Rarely 
the face is almost entirely yellow. 

Specimens: Many males and females from ILLINots (Algonquin, 
Aurora, Chicago, Decatur, Freeport, Kappa, Muncie, Oakwood, and 
Urbana); INDIANA (Huntington and Turkey Run); Iowa (Ames, Des 
Moines Co., Henry Co., Jefferson Co., and Mt. Pleasant); KANsAs 
(Baldwin); MAssAcCHUSETTs (Great Barrington and South Hadley); 
MICHIGAN (Eaton Co., Midland Co., and Nottawa); MINNESOTA 
(Goodhue Co., Houston Co., Mille Lacs Co., Olmsted Co., and St. 
Paul); New JERSEY (Ramsey); NEw York (Bemus Point, Ithaca, 
Oneonta, Rock City in Cattaraugus Co., and Van Courtland Park); 
Onto (Akron, Bedford, Columbus, Danville, Licking Co., McGuffey, 
Wayne Co., and Wooster); ONTARIO (Bell’s Corners, Blackburn, 
Leamington, MacDiarmid at Lake Nipigon, Ottawa, Thunder Bay 
Beach, Toronto, and Waubamic); PENNYSLVANIA (Highspire, Hummels- 
town, North Cumberland, and Perdit); QUEBEC (Aylmer, Gracefield, 
Hull, and Kazubazua); and RHODE IsLAND (Westerly). 

This species occurs in moist rank grass in the Transitional Zone of 
eastern North America, from Quebec and Ontario in the north, south 
to Pennsylvania and west to Minnesota and eastern Kansas. There 
is one generation a year, the adults being on the wing from about May 15 
to about June 15. The earliest and latest collecting dates known to us 
are May 9 in Douglas Co., Kansas, and July 20 at Van Courtland Park, 
N. Y. Most of the males appear and disappear about a week earlier 
than most of the females. Specimens with the hind femur mostly black 
and those with it mostly ferruginous occur together, the former variety 
being somewhat less common in males and scarce in females, 
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9. Tryphon (Symboéthus) seminiger Cresson, 
new combination 
Figure 42 
Tryphon seminiger Cresson, 1864. Proc. Ent. Soc. Phila. 3: 278. Type: 9°, III 

(Philadelphia). 

Vetoplus terminalis Ashmead, 1890. Proc. U. S. Nat. Mus. 12: 438. Type: 

Mo. (Washington). 

Scutellum with strong wing-like lateral carinae to tts apex. 

Fore wing about 7.0 mm. long; face irregularly convex, its central 
0.3 rather abruptly elevated and somewhat flattened medially; sub- 
tegular ridge with a strong median dorsal tooth, below which is an 
elevated quadrangular area that is strongly obliquely concave; scutellum 
with strong wing-like lateral carinae to its apex and often a weak ridge 
across its apex, between the ridges convex and with a weak median 
longitudinal ridge posteriorly; propodeum subpolished and more or less 
rugose, the lateral and sublateral sections of the apical carina nearly 
or quite interstitial at the lateral longitudinal carina; costula present; 
second tergite mat, with fine close punctures; seventh tergite of female 
very narrow medially so that the end of the abdomen appears excavated 
above; apical part of penis slightly enlarged, with a thin ventral lamina 
extending almost to its apex. (In all of the other species of the sub- 
genus the seventh tergite of the female is not unusually narrow dorsally 
and the apical part of the penis 1s decurved and bulbously swollen.) 

Black. Clypeus, mandible, and palpi yellowish with the apical 
part of the mandible ferruginous and the clypeus often margined basally 
with black; scape fulvous below; flagellum more or less fulvous apically 
and below; tegula yellow to ferruginous or black, usually yellow or 
ferruginous with the mesal 0.4+ blackish; coxae black with more or 
less of their apices or sometimes all but their bases ferruginous; legs 
beyond coxae ferruginous except that in the hind legs the femur is 
blackish apically above, the tibia is dusky on its apical 0.25+ and the 
tarsal segments are more or less infuscate apically; abdomen ferruginous, 
the first tergites with its basal 0.4 to 0.8 black. Some males and a few 
females, especially those emerging early in the season or from more 
northern localities, are more extensively marked with black. In these 
the hind leg beyond the coxa is more or less completely infuscate or 
black, the apical part of the abdomen is black, and sometimes the 
abdominal tergites are almost entirely black except that the apex of the 
first and more or less of the second, third, and fourth tergites are 
ferruginous or blackish tinged with ferruginous. 

Specimens: Many males and females from ALASKA (Anchorage, and 
Fairbanks); ALBERTA (Athabasca and Fawcett); BRITISH COLUMBIA 
(Agassiz, Keremeos, Mission, Oliver, and Vancouver Island); CALI- 
FORNIA (Berkeley, Big Flat on Coffee Creek in Trinity Co., Carmel, 
Carrville in Trinity Co., Donner Pass, Dunsmuir, Jamesburg in 
Monterey Co., Pine Valley in San Diego Co., San Mateo Co., and 
Santa Cruz); Cotorapo (Green Mt. Falls, Lyons, Nederland, and 
Yale Lake at Buena Vista); IpAHoO (Warren); ILLINOIS (Algonquin, 
Anna, Chicago, Decatur, Dongola, Dixon, McHenry, Mahomet, Muncie, 
Oakwood, Ogden, Savanna, Savoy, Seymour, Urbana, and White 
Heath); lowa (Iowa City, Jefferson Co., and Mt. Pleasant); MARYLAND 
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(Cabin John, Plummers Island, and Takoma Park); MAssACHUSETTS 
(Blue Hills and Holliston); MIcHIGAN (Agricultural College, Ann Arbor, 
Arenac Co., Crawford Co., East Lansing, Isabella Co., Lapeer Co., and 
Midland): MINNEsoTA (Crookston, Cushing, Houston Co., Itasca Park, 
Kittson Co., Marshall Co., Sedah, and Traverse Co.); NEW JERSEY 
(Branchville, Clementon, Englewood, Moorestown, and Ramsey); NEW 
Mexico (Jemez Springs); NEw York (Armonk, Axton in the Adi- 
rondack Mts., Breesport, Buffalo, Centereach and Dix Hills on Long 
Island, Dryden Lake in Tompkins Co., Geneva, Ithaca, Malloryville in 
Tompkins Co., Lancaster, Lockport, McLean, Oswego, Pelham Bay 
Park, Poughkeepsie, Rock City in Cattaraugus Co., Slaterville, Spencer 
Lake, Syracuse, and West Nyak); NORTHWEST TERRITORIES (Ft. 
Norman on the McKenzie River); Nova Scotia (Halifax and Truro): 
Onto (Cedar Point near Sandusky, Columbus, Danville, Dayton, 
Hinckley in Medina Co., Marion Co., McGuffey, Ottawa Co., Paines- 
ville, Summit Co., Troy, and Wood Co.); ONTARIO (Carp, Coniston, 
Eldorado in Hastings Co., Fisher Glen, Leamington, Mer Bleue, Ottawa, 
Parry Sound, Simcoe, Smoky Falls in the Mattagami River, Sudbury, 
Swansea near Toronto, Thunder Bay Beach, and Walsh); OrEGON 
(Blooming, Cornelius, Corvallis, Hood River, Mt. on at 4,000 ft., 
Portland, Summit Prairie in Grant Co., Union at 2,788 ft., and Woods 
Creek Road); PENNSYLVANIA (Harrisburg, Morrisville, Philadelphia, 
Spring Brook, Spring Mill, Tioga Co., Wilawana, and Willow Grove); 
QuEBEC (Brome, Gracefield, Hemmingford, Hull, Joliette, Knowlton, 
Lanoraie and Montreal); RHODE ISLAND (Bristol and Westerly); 
SASKATCHEWAN (Nipawin, Prince Albert National Park, Saskatoon, 
and Waskesiu); SoutH DAKoTA (Custer); UTAH (Utah Lake); VERMONT 
(Bennington); WASHINGTON (Ashford, Elbe, Lake Quinault, Metaline 
Falls, Mt. Rainier at 4,700 and at 6,000 ft., Seattle, and Wenatchee 
Mts.); and Wisconson (Milwaukee). 

This species occurs in damp grassy places throughout the Transi- 
tional, Canadian, and Hudsonian zones from Nova Scotia and Maryland 
west to Alaska, Berkeley in California, and northern New Mexico. 
Probably it occurs in the Alpine Zone also. There seems to be a single 
generation a year, the adults being on the wing in Transitional localities 
from about May 20 to July 10, with a few stragglers to early September. 
- 6 ‘se very late specimens possibly represent a partial second generation. 
In more northern localities the species is common in July. Early and 
late eiectian records of interest are April 7 7 at Berkeley, Calif.; May 5 at 
Corvallis, Ore.; May 7 at Agassiz, B. : .; May 10 at Mt. Pleasant ' has 
May |4 at Spring Brook, Pa.; May 16 at Morrisville, Pa.; May 17 at 
Ithaca, N. Y.; May 18 on Woods C ss Road, Oreg.; May 19 at Decatur, 
Ill., and at ¢ ‘olumbus, Ohio; May 29 in Houston Co., Minn.; July re at 
Elbe, Wash.; July 29 at Waskesiu, Sask.; Aug. 3 at Jemez Sprin; 

N. Mex.; Aug. 6 at Ft. Norman, McKenzie River, N. W. Terr.; Aug. 

t Truro, N. S.; Sept. 1 at Eldorado in Hastings Co., Ont.; and Sept. 
at Willow Grove, Pa. Males are more common than females for the 
first week of the adult season and about equally common for the rest of 
the season. 





TWO NEW SPECIES OF CADDIS FLIES (TRICHOPTERA) 
FROM WASHINGTON STATE 


JARED J. DAVIS 
Hanford Works, 
Richland, Wash. 


This report describes two new species of caddis flies which have 
been encountered in a taxonomic study of the Trichoptera of the state 
of Washington. 

The author is indebted to Dr. H. H. Ross for checking the specimens 
herein described. 


Family Rhyacophilidae 


Rhyacophila latitergum, new species 


This species is closely related to rotunda Banks and norcuta Ross. 
It can readily be distinguished from rotunda by the forewing venation 
in which cell R, does not extend basad of cell Ry; it can be distinguished 
from mnorcuta and rotunda by the tenth tergite, which is greater in 
width than length, in the male. 

Male.—Length 11 mm. Head and thorax dark brown, almost 
black; antennae, warts of head and prothorax, and tegulae brown, 
the antennae annulated with light brown at joints; palpi pale. Front 
and middle legs brown except for a yellowish-brown band on each tibia, 
occupying the region distad of the subapical spurs; hind leg conspicu- 
ously pale except for proximal third of femur which is brown and the 
tip of the tarsus which gradually becomes darker. Wings uniformly 
brown, without markings except the stigmatic area is somewhat lighter; 
forewing with cells R. and R, extending approximately equidistant 
basad. 

Genitalia as in Fig. 1. Ninth abdominal segment angulate from 
lateral view, being greatly narrowed ventrally to receive base of clasper 
Tenth tergite rather large with a superior structure trilobed from dorsal 
aspect and slighly wider than long; inferior structure of tenth tergite 
complex, see Fig. 1B. Basal segment of clasper broad at base, apico- 
ventral corner produced ventrad, and a short longitudinal crease on 
ventral margin at base of apicoventral projection; apical segment short 
and wide with dorsal angle reduced and angular, ventral angle produced 
and rounded, posterior margin between angles slightly incised. Aedeagus 
with a superior, sclerotized, trough-like flap with apex produced into a 
narrow, pointed tube; laterally and below there is a pair of membranous, 
extensile structures, each terminating in a sclerotized blade bearing long 
setae from its mesa! surface. 

Female.—Unknown. 

Holotype-—Male, Tomyhoy Lake, Whatcom County, Washington, 
August 4, 1946 (J. J. Davis); in collection of Illinois Natural History 
Survey, Urbana, Illinois 

44s 
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Family Limnephilidae 
Dicosmoecus aureoventris, new species 
This is an interesting and rather unique species which may be an 
intermediate between the unicolor and atripes groups. The male can 
be readily distinguished from both of these groups by the combination 
of long narrow claspers and short cerci. It differs from all species of the 
genus in the long lateral arms of the aedeagus. 


RHYACOPHILA 
LATITERGUM 


2A 
Dicosmocus - 
AUREOVENTRIS .. 


Rhyacophila latitergum, male genitalia. Fig. 1, lateral aspect; 1A, dorsal as 


of tenth tergite; 1B, lateral aspect of aedeagus and inferior structure of te 
tergite. 

Dicosmoecus aureoventris, male genitalia. Fig. 2, dorsal aspect; 2A, dorsal 
aspect of aedeagus; 2B, lateral aspect of aedeagus; 2C, ventral aspect of claspers 


Male.—Length 20.5 mm. Dorsum of head and thorax black, 
warts clothed with black hair; face and mouth parts golden colored; 
antennae black, serrate on ventral surface; ventral surface of thorax 
golden yellow in color. Forewings uniformly dark brownish-black, 





450 Annals Entomological Society of America |Vol. XLII, 


thyridium and arculus and the corneous spots in base of cell Ry and in 
thyridial cell behind the thyridium are conspicuously white; hind wings 
dusky black. Wing venation typical for the genus. Cell 1 A: com- 
paratively short, not reaching half way to arculus. Femora of all 
legs golden, spines black, spurs orange-brown. ‘Tibiae of hind legs 
black, except for apical third which is golden colored; tibiae of other 
legs and all tarsi black. Spur count 1-3-4 

Genitalia as in Fig. 2. Plates of tenth tergite short and broad as 
compared to other species; cerci narrow and club-shaped (dorsal view) 
Claspers two segmented, very long and only slightly curved mesad; 
basal segment does not have a mesal spine or tuberculus process. The 
other species of the 
air of long, rod-like, 
1 slightly beyond the 


aedeagus is strikingly different from that of ali 
genus. The sheath of the penis consists of a ]} 
dorsolateral, sclerotized appendages which exten £ 
apex of the penis. These appendages are nearly straight with the 
spine-like apex curving slightly ventrad at the extreme apex; a short 
distance from the apex and on the ventral side there is a short, 
appressed spine. 

Female.—Unknown 

Holotype.Male, Mt. Rainier, Pierce County, Washington, August 
9, 1930; in collection of Illinois Natural History Survey, Urbana, 
[linois. 
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NEW NORTH AMERICAN TABANIDAE (DIPTERA) 


PART I. PANGONIINAE 


CORNELIUS B. PHILIP 
Hamilton, Montana 


The following additions to the Nearctic tabanid fauna (including 
Part II to follow) bring the total previously cataloged (Philip, 1947) up 
to 480 species and 39 subspecies, including synonymy and corrections 
contributed in a supplemental paper (Philip, 1949). Of these, 15 
species, mostly of Tabanus, remain unrecognized. As stated in that 
paper, most of the subspecies listed were originally proposed as varieties, 
which would be the proper biological level for the majority such as my 
atricor pus, xanthas, and mixis proposed hereafter since they represent, at 
most, only extreme variants from the typical form. The Rules are 
unsatisfactory in not recognizing the taxonomic validity of ‘‘variety”’ 
and so in the Catalog and here the usually less desirable category 
“subspecies” has been consistently used Holotypes and allotypes 
of the following are in the collection of the author unless otherwise 
indicated. 


Apatolestes rossi, n. sp. 


Body and legs uniformly brown. Frons broad, divergent below, 
yellowish and with a shining yellow inflation below. Wing hyaline 
without clouds, but with slightly tinted costal cell. 

Holotype 9, 11.5 mm. Front 1 : 114, yellowish, subshining to the 
vertex on which the ocelli are prominent, with sparse white hairs 
laterally, and a yellow prominent inflation below, the lower margin 
almost straight across; cheek not more prominent than face, with 
sparse black and pallid hairs. Antennae with basal segment reddish, 
the flagellum black. Palpi concolorous with the face, about two-thirds 
the length of the proboscis, covered with intermixed black and white 
hairs. 

Thorax and scutellum uniformly brown with two fine submedian 
pale lines and paler areas above the wing bases, the pleura and the 
femoral and coxal hairs pallid. No marked hind-tibial fringe, but coarse 
black hairs on the outer margin. 

Abdomen brown, with no marked pattern, though the incisures of 
tergites 2 and 3 and of sternites from 2 on are noticeably pale-pollinose 
Venter covered with pale hairs 

Hullville, Lake Co., Calif., 14 June, 1917, ‘Blaisdell Collection.”’ 
In the California Academy of Sciences. 

Allotype o&, 13.5 mm. Head markedly wider than thorax, the 
enlarged facets of the eyes sharply demarkated, occupying the upper 
three-fourths. Ocelli prominent on a tan-pollinose, elevated, occipital 
tubercle. Frontal triangle creamy-pollinose, not protuberant. Face 
whitish-pilose and pollinose, the cheeks not swollen, but with a few 
brown hairs intermixed with numerous white ones. Scape and pedicel 
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creamy, with white and a few dark hairs above; flagellum black. Palpi 
creamy with white pile and a few black hairs apically, elongated to at 
least three-fourths the length of the proboscis, terminating bluntly 
with subterminal ridges that give them a moderately clavate appearance 
distally. 

Thorax as in the female; pile overall, including the coxae, whitish, 
with some sparse brownish ones intermixed dorsally; scutellum con- 
colorous. Legs brown, the tibiae appearing a little darker than the 
femora because of short appressed black hairs, but no hind-tibial fringe. 
Wings (somewhat teneral) hyaline, no clouds, the costal cells slightly 
tinted. 

Abdomen brown, black-haired above with incisures of tergites 2 on 
narrowly pale pollinose and pilose, the incisures widening laterally 
and a little mesally on tergites 2 to 3 to form low triangles. Venter 
brown, entirely pale-haired except a few dark hairs caudally, the 
incisures narrowly pale-pollinose. 

Taken with holotype. In California Academy of Sciences. 

The species has some affinities to affinis Philip but the front of the 
female is broader and with marked yellow basal inflation. The male 
could be the “‘comastes form”’ keyed by the writer in 1941. 


Apatolestes affinis Philip 


Neallotype o&, 12 mm. The brown scutellum, general color of 
body and legs, and subhyaline wings with faint clouds and tinted 


costal cells associate this with the female, though the dorsum of the 
thorax and bases of some tergites and the last three sternites are darker. 
Head not as large proportionately as rossi and some other species, the 
area of moderately enlarged facets about two-thirds the total area of 
the eye. Frontal triangle, face, and cheeks brown-pollinose, the 
cheeks moderately swollen below with sparse black hairs and white 
pile which continues onto the depressed face where there are no black 
hairs. First two antennal segments brown, the flagellum black. Palpi 
brown with black and pale hairs intermixed, somewhat produced and 
subclavate apically rather than truncated. A thin, pale median and 
two brown submedian lines on the cinereous disc of the thorax; the 
shoulders and pleura broadly brown. Pleural and coxal vestiture 
predominantly creamy with a few black hairs. Femora with some 
shadows darker brown than the tibiae, hind pair entirely pale-haired, 
hind tibiae shaggy black- and yellowish-haired but not fringed. 
Abdominal incisures yellowish-pollinose and pilose, black-haired dorso- 
basally on the segments, entirely pale-haired below except at the tip. 

San Fernando, Lower Calif., 19 July, 1938. Mickelbacher and 
Ross. In the California Academy of Sciences. 

Chrysops frigida Osten Sacken 

This northern, transcontinental species has always been accepted 
as unusually variable in size and color. Over-reliance has been placed 
on the specificity of the combination of broad apical wing-spot and the 
black face with three yellow pollinose stripes. The typical form based 
on the lectotype female from Sharon Springs, N. Y., is dark in overall 
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appearance, the integument of the face and coxae black, femora with 
brownish shades, and reddish on the abdomen confined to the sides of 
the first two tergites, the incisures narrowly pale-pollinose overlying 
dark integument. Variations occur in series both in the direction of 
melanism (as in the ‘‘Sask.’’ cotype, labelled by Osten Sacken as “‘type 
of description’’) and of albinism. Melanistic variants with practically 
no red on the abdomen are readily keyed and associated, but a review 
of more pallid forms reveals specimens of both sexes, with yellow faces 
and legs, that will not run in any available keys, as well as a large 
banded-appearing form that the writer regards as comprised of two 
specifically distinct forms. The type of C. canadensis Kroéb., on which 
Dr. G. E. Shewell has made further comparisons and notes for me, is a 
male of true C. frigida as previously surmised. 

Though a verietal name would have been more suitable, for taxo- 
nomic validity a subspecific name is provided for the extremely pallid 
form which will have to be keyed separately from darker frigida, though 
complete intergradation has been seen in each or all of the yellowing 
of the face, abdomen and legs. 


Chrysops frigida xanthas n. subsp. 


The extreme yellow form of frigida in which the face between the 
lateral pollinose stripes, the lower cheeks at the oral margins, all of the 
legs including coxae but excepting the trochanters, knees, and tips of 
the tarsi, are yellow, and the abdomen also is predominantly so though 
the pattern varies. 

Holotype 9, 7mm. Front taller than wide, yellow-pollinose, the 
ocellar tubercle and frontal callosity black. Face yellow with a dark 
shadow along the sutures and three broad, yellow-pollinose stripes, 
convergent but not connected below, and, including the middle one, 
reaching the oral margin. Cheeks black, sparsely yellow-pollinose at 
the oral margin. Antennae with scapes yellow, pedicels and bases of 
the flagella brown, blackish distally. Palpi yellow. 

Thorax greenish-yellow po'linose on the disc flanked by a dark 
stripe on either side and with a yellow stripe above each wing base 
along the shoulders. Pleura chiefly golden-yellow pollinose and pilose 
with the usual underlying narrow dark stripe above and_ below. 
Scutellum dark with sparse golden-yellow hairs concolorous with those 
on the disc of the thorax. Wings as in typical frigida, the hyaline 
triangle reaching but not crossing the furcation. Cell R hyaline over 
its distal third except the extreme apex, and cell 2nd M hyaline, its 
distal two-thirds with an extension basad along the hind margin. 
Crossband widely separated from the hind margin and crossing the 
base of cell Cu,. Halteres yellow. 

Abdomen covered with yellow pollinosity and sparse appressed yellow 
hairs, no black ones; small transverse macules beneath the scutellum on 
tergite one and isolated in the middle of tergite 2; paired subquadrate 
dark shadows beneath the pollinosity on 3 and 4, but continuous across 
the middle of each of 5, 6, and 7, the incisures of all very narrowly pale 
yellow. Venter yellow with dull, dark shadows basally on tergites 
5 and 6. 
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Hamilton, Ravalli Co., Mont., 15 July, 1939. C. B. Philip, 
‘““sweeping”’ (in marsh grass). 

Allotype &@, 5.5 mm. Like the female except for the usual sexual 
differences and more extensively yellow abdomen. Eyes contiguous 
for a considerable distance; antennae yellowish to the apical third 
of the basal annuli of the flagella; the midfacial pollinose stripe also 
continuous to the oral margin. Thorax plumbeous on the disc with a 
yellow lateral stripe along each side above the wing base. Scutellum 
dark. Wings as in the f@male except the infuscation in the two basal 
cells occupying almost three-fourths their proximal area. Halteres and 
legs yellow as in the female. Abdomen entirely bright yellow above 
and below except for a¢reduced brownish transverse spot behind the 
scutellum on each of the first two tergites. The whole body covered 
with golden yellow hairs, most dense on the sides of the thorax, except 
for a few dark hairs on the abdominal spots 

Same data as the holotype. 

Paratypes, 5.5-S mm. One o and 39? 2 same data, 1o” and | 
same place, 3 June, 1934, W. L. Jellison; 1 9, same place, 1 July, 1949, 
C. B. Philip; 1 9, Hamilton ‘ton building,” 6 July, 1934, C. B. Philip, 
and 19, Gallatin Mts., Montana, 6 August, 1926, C. B. Philip; 19, 
Franconia, N. H., Acc. 26226, Coll. Mrs. A. T. Slosson; 1 9, Milford, 
N. H., 8 July, 1906, C. P. Whiting; 1 9, Aweme, Man., 4 June, 1926, 
R. D. Bird. In essential agreement, though occasional brown shadows 
occur along or outside the facial sutures (in different lights dark under- 
iying tissue may show blackish through the yellow, translucent, bare 
facial integument in some specimens including the holotype), and the 
abdominal maculations vary in reduction, most showing a tendency 
toward two rows of isolated or narrowly connected (geminate) sub-mesal 
spots on tergites 3 and 4 (and on 5 and 6 in two specimens). The 
abdomens of some of the paratypes are thus much more extensively 
yellow in appearance than the holotype. The midfacial pollinose 
stripe varies in extension downward and the holotype of xanthas is 
the only specimen of frigida the writer has seen with it complete to the 
oral margin. C. abata Phil. is the only other instance in the Nearctic 
fauna in which the stripe is complete in the female and yet predomi- 
nantly separated from the lateral stripes also (a second specimen in 
USNM from Orlando, Fla., confirms this condition in the holotype of 
abata). The extent of the basal infuscation in Cells R and 2nd M 
varies slightly in different specimens. In the collections of the United 
States National Museum, Canadian National Museum, American 
Museum of Natural History, Museum of Comparative Zoology, Penn- 
sylvania Department of Agriculture, Harrisburg, Cornell University, 
L. L. Pechuman, and the author. 

Two males taken by sweeping in the type location in 1931 (Larson) 
agree except they have black facial integument, while a female from 
Massachusetts, with very yellow abdomen and geminate spots on 
tergites 3 and 4 very reduced, has only suggestions of yellow color 
margining the pollinosity of the upper face, and yellow legs. Occasional 
specimens of the typical form have been seen in which brown or yellow 
shadows also show up on the femora and even fore coxae. In eastern 
males studied, in which the yellow on the sides of the abdomen becomes 
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expansive, the central maculations form a row of inverted trapezoidal 
or half-moon figures, and narrower spots on the venter subtending 
from the anterior margins of the segments, but not emarginated to 
form geminate figures, as in most paler xanthas. 

On the other hand, intergrades have not been found with the follow- 
ing two distinct forms. The conspicuous yellow and black banding of 
the abdomen remains transverse and continuous across each tergite, 
never showing tendencies toward gemination, or complete separation in 
the middle as in true frigida. 


Chrysops asbestos n. sp. 


A medium to large, bright-yellow and black, northwestern species 
with transversely-banded abdomen, black face, coxae and femora, and 
wing picture resembling C. frigida but with the hyaline triangle crossing 
the furcation rather broadly in the females. 

Holotype 2, 9mm. Eyes in life with occipital border contiguous 
but the other maculations separated from the margin, the arrowhead 
with a short shaft above and connected in front to the median spot. 
Front taller than wide, grayish pollinose across the middle; the vertex 
for its full width and the large callosity piceus. Face and lower cheeks 
also shining, piceus with three creamy pollinose stripes convergent 
below, but only the two lateral ones reaching the oral margins. Antennae 
normal, the scapes yellowish, the pedicels a little shorter, brown, darker 
above, the flagella blackish except at extreme base, subequal in length 
to the two basal segments. Palpi brown above, pale r beneath. 

Disc of thorax and scutellum blackish with a wide median and two 
lateral stripes plumbeous anteriorly with sparse yellow hair deepening 
to a dense deep yellow tuft laterally. Pleura with two grayish-yellow- 
pollinose stripes, with golden-yellow hair beneath the wing bases 
Coxae and femora black with yellowish hairs, the two hind pairs with 
indefinite brownish tints dorsi lly. Tibiae and tarsal a ae its reddish- 
brown, darker distally, the fore pair darker on the distal half. 

Wings with apical spot narrower than in frigida and just entering the 
upper outer corner of cell Ry, the hyaline triar igle almost reaching vein R», 
at its juncture with the crossbar id (Fi iB. la). Latter with outer margin 
somewhat irregular (but no tooth reaching the bifurcation), not reaching 
hind border, an extension a little over half-way along vein M,, receding 
in cell My, and paler across the base of cell Cu,. Cell R infuscated in 
the basal half and extreme tip with shadows along the discal ridge; 
cell 2nd M mostly hyaline with a diagonal dash in the upper basal fifth, 
anal area hyaline. Anal cell narrowly open. satan blackish. 

Abdomen broad and but little aanee behind; bright yellow with 
blackish maculations as follows: on tergite 1, a spot as wide as the 
scutellum, tapered behind and resting broadly on the hind margin; on 
tergite 2, separated narrowly across the incisure from the above, a 
subtri: ingular spot with rounded apex above and base in the middle of 
the segment and about two-thirds the width of the scutellum; tergites 
3. and beyond with broad, sharply demarkated, basal bands, leaving the 
posterior margins broadly yellow, that on 3 sinuous, gently incised 
mesally to the center of the tergite, and abbreviated on the extreme 
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outer edge. Sternites 1 and 2 yellow, sternite 3 with a rather narrow, 
irregular, but continuous basal band nearly reaching lateral edges, 
sternite 4 and beyond black with broad yellow incisures. Abdomen 
covered with bright yellow hair above and below, except on maculations, 
and sparsely behind the triangle in tergite 2 where the hairs are dark. 

Ravalli Co., Mont., 4 August, 1948, C. B. Philip. ‘“‘On mule in Ross’ 
Hole.” 

Allotype &@, 8.5 mm. Eyes with inner margins rounded, barely 
touching at point of maximum arc, leaving a shining black interval 
below and the prominent, hairy, black ocelligerous tubercle above; 
the grayish yellow pollinosity on the lower frontal triangle and about 
the bases of the antennae connects with the midfacial stripe which is 
more extensive than in the female, reaching the oral margin and prac- 
tically joining the lateral stripes. Body coloration very like that of 
the female with which it is readily associated, but the yellow is deeper 
and the thorax is much darker on the disc and much more golden- 
yellow hairy. Legs as in the female, coxae and femora likewise black. 


Wings with apical spot broader, crossing rather faintly into cell R, 
just beyond the furcation but continuing along the upper margin; the 
apex of the hyaline triangle narrowly envelopes the furcation never- 
theless. Cell R hyaline in the apical fourth except extreme tip, cell 
2nd M with infuscated streaks on the upper and lower margins for 
three-fourths and one-half its length, the central portion subhyaline 
nearly to the basal third. Halteres with blackish stem, brown knobs. 
Middorsal maculation on tergite 2 larger than in the female, semi- 
circular behind, nearly reaching the hind margin, and resting broadly 
on the anterior margin for a distance about equal to the width of the 
scutellum and wider than the spot on tergite one where they join. The 
black basal transverse bands on tergites 3 and 4 have crescentic hind 
margins, that on 3 not quite reaching the lateral margins. The con- 


trasting yellow incisures of tergites and sternites from 3 on produce a 
banded appearance similar to the female; sternites 1 and 2 have mid- 


ventral spots not joined at the incisure. 

Gold Lake, Sierra Co., Calif., 5 August, 1921. 

A paratype male in the University of Kansas from Copalis, Wash- 
ington, 25 July, 1931, R. H. Beamer, is in almost exact agreement, 
the ventral black a little more extensive, and the midventral spots on 


tergites 1 and 2 joined. 
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Paratype 29. One, Mammoth (Lakes), Calif., 19 July, 1933, 
R. M. and G. E. Bohart; 1, ‘‘O.R.J., Seattle’; 2, ‘““‘W.T.”’ (Wash. Terr.) 
and West. Wash. Ty., Morrison; 1, Astoria, Ore., 27 July, 1928, Kk. 
Gray, J. Schuh; 2, Adel, Lake Co., Ore., 20 July, 1948, #29576, Andy 
Roth; 1, Lake Tapps, Wn., 10 June, 1936, J. Wilcox; 2, St. Maries, 
Benewah Co., Ida., 24 June, 1934, C. B. Philip; 1, Alta, Mont., 19 July, 
1939, C. B. Philip; 1, Como Lake, Ravalli Co., Mont., 18 July, 1949, 
McDermott; 1, Lost Horse Canyon, Ravalli Co., Mont., 2 August, 1949, 
J. White; 1, Elkhorn Sprgs., Beaverhead Co., Mont.; 1, Blue Nose 
Peak, Lemhi Co., Ida., 5-6 August, 1944, Wm. L. and Wm. H. Jellison; 
2, Yellowstone Park, Wyo., July, 1924, V. Argo; 2, Salmon Arm and 
Monte Creek, B. C., 29 June, 1925, and 7 July, 1929, A. A. Dennys and 
McFlowry, respectively; 1, Trinity Valley, B. C., 20 July, 1937, H. 
Cliff; 2, No. Westminster, B. C., 8 July, 1909; 6, Mt. Lehman (Hadwen) 
and Agassiz, B. C., July. In the United States National Museum, 
Museum of Comparative Zoology, American Museum of Natural 
History, Pennsylvania Department of Agriculture, Harrisburg, Canadian 
National Museum, University of Kansas, Milwaukee Public Museum, 
California Academy of Sciences, Canadian Livestock Insect Lab- 
oratory, L. L. Pechuman, and the author. 

The paratypes vary from 8.5-11 mm. in length. Some have the 
yellow of the abdomen and thorax a deeper golden yellow than in the 
holotype, the spot on tergite 2 larger and subquadrate, a midventral 
brown shadow on sternite 2 enlarged in one specimen to a contrasting 
spot nearly reaching the hind border. In all of the females of asbestos 
the black bands on the abdomen practically or completely cross the 
entire base of the tergites, and are never divided in the middle or 
reduced to a geminate condition. In the least melanistic specimen, 
though the mid-pair of legs is predominantly light brown, the fore 
coxae do not show yellow streaks seen in some frigida, but are uniformly 
dark brown. The eye patterns are heavy, and the arrowhead has a 
shaft above which nearly (or completely in one) merges with the occipital 
border above. In two darker frigida and four xanthas, though the 
occipital border is relatively heavy, the other maculations are small 
and there is no shaft on the arrowhead. In all the frigida complex, the 
border conjoins the occipital margin, but the upper and lower anterior 


spots are separated from the eye margin. 


Chrysops venus n. sp 

Heretofore placed in C. frigida O. S.; a rather large, yellow and black 
banded midwestern deerfly closely resembling the preceding new species 
in body coloration and wing pattern except the apical spot is broader 
as in typical frigida, the first three sternites are entirely yellow, and 
the legs are entirely black, except that the mid-tibiae are reddish on their 
proximal half. 

Holotype 2,10mm. Head, thorax, and appendages almost exactly 
match those of the holotype of asbestos, though the antennal scapes are 
a little more robust and the thoracic vestiture more golden, especially 
at the base of the wings. The eye pattern is also similar, the macula- 
tions heavy, the occipital border lying on the margin but the anterior 
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spots separi ited from the margin, the median barely separated from 
the arrowhead, the shaft of the latter not quite reaching the border at 
the vertex. 

The infuscation in the basal cells is the same, but the crossband 
fills out cells M;, Cu, and the apex of the anal cell nearly to the hind- 
border. Anal cell closed and petiolate. The apex of the hyaline 
triangle barely envelops the fork of Ry,;, the apical spot crossing R, 
just beyond and filling approximately the upper third of cell Ry, 
(Fig. 1b). 

The abdomen is bright yellow and black, tergite 1 with the black 
median spot like a flying “V,” the wings extending laterad of the 
scutellum on the base, and barely connecting behind with a transverse 
reniform spot on tergite 2 which is as wide as the scutellum and slightly 
emarginate behind, the remaining tergites black with contrasting wide 
yellow incisures about one-third their width. Venter yellow anteriorly; 
sternite 4 with a pair of small, isolated, submedian transverse spots; 
sternites 5 to 7 black with wide contrasting yellow hind margins, the 
ack band on 5 abbreviated laterally. 

Vilas Co., Wisc., 10 July, 1913. Through courtesy of Kenneth 
MacArthur. 

Paratype 9 2. 1, Copper River, Keewenah Co., Mich., 17 August, 
1930, A. F. Coombs; 1, Cheboygan Co., Mich., 6 July, 1939, Eugene E. 
Kenaga; 2, Mackinaw C o., Mich, 4 July, 1937, R.R Dreisbach; 1 , Low 
Bush, Lake Abitibi, Ont., 17 August, 1925, N. K. Bigelow; 2, Temagami 
Forest Reserve, Ontario, Can. In the United States Notional Museum, 
Canadian National Museum, American Museum of Natural History, M1l- 
oo Public Mus seum, University of Michigan, University of Kansas, 

1d the collections of L. L. Pechuman and of the author. In clos« 
neiend with the ielinabe. though there is a tendency for the middor- 
sal spot on tergite two to become reduced and subtriangular. The anal 
cell is closed and usually petiolate in all. 

This and C. asbestos above have close affinities with C. quadratus 
Meig. of Europe. The last differs in that the apical spot is narrow at 
its origin but broad apically, and the last turee sternites are dark overlain 
with dull yellowish pollinosity as seen in some typical frigida. In 
asbestos, the apical spot is noticeably narrower, the crossband more 
abbreviated behind, there are midventral maculations on the first two 
sternites, while sternite 3 has a black, transverse basal band, as on 
those following. True frigida averages smaller in size, and when 
y — as extensively as venus, has yellow legs and reduction of the 

ack tergal bands laterally with tendency toward gemination; venus 
is consistent in having the hind tibiae entirely black, and the mid-pair 
least on the distal half. Even the darkest frigida have these tibiae 
predominantly reddish. 


ot 
cit 


Chrysops upsilon n. sp. 

A southeastern species of the appearance of C. wtedemanni with 
which it has been confused because of the similarity of the thoracic 
and abdominal patterns, the black frontal and lateral facial callosities, 
the dark palpi, the yellow legs except the fore tibiae distally and hind 
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femora basally, and the hyaline basal cells. It is quickly differentiated 
by the wider apical spot, the almost hyaline costal cell, and the upsilon 
or T-shaped aaa marking on the upper face beneath the antennae. 
The stem of the latter (which is lacking in wiedemanni) reaches almost 
half way to the oral margin on the midfacial, yellow integument. Two 
paratypes have the lateral black on the face rather broadly joined 
across and above the oral margin, thus reducing the midfac ial yellow. 
The apical spot of the wing picture, though paler than the crossband, 
resembles in width darker specimens of vittata or aberrans. Though 
there is a hyaline halo aha the fork, cell R, is almost completely 
filled and there is usually a diagonal fumose streak between the cross- 
band and wing margin in cell R;. Along the juncture of the apic al 
spot with the crossband between the fork and the outer end of the 
stigma, the infuscation is lighter and narrowly subhyaline in one speci- 
men. The crossband does not quite reach the posterior wing margin 
along vein M;. In addition to the middorsal yellow stripe attenuated 
on tergite 5, the abdomen of all but two paratypes shows traces of two 
sublateral yellow stripes on tergites 1 and 2. The anterior sublateral 
yellow on the otherwise dark venter may stop on sternite 2 or be pro- 


longed onto 3. Length, 7-S mm. Male unknown. 


ng pattern of C. upsilon n. sp 


Holotype 2, Millen, Georgia, 7 September, 1940, Horace O. Lund. 

Paratype —3, Coleraine, N.C., July, 1906, R.S. Woglum; 1, Kinston, 
N.C., 8 July, 1925, C. 5. Brimley; 1, Elizabeth City, N. C., late August, 
1919, F. Sherman; 1, Calhoun Co., S. C., 12 August, 1944, and 1, Monk’s 
Creck, Berkeley Co., S. C., 29 May, 1944, C. W. Sabrosky; 2, Albany 
Ga., 7 and 14, July, 1939, H. O. Lund; 2, Millen, Ga., 21 and 27 June, 
1940, H. O. Lund; 1, Smithville, Miss., 15 July, 1930, R. H. Beamer; 
1, Lucedale, Miss., 9 Sept., 1929, H. Dietrich; 2, Camp Shelby, near 
Hattiesburg, Miss., June, 1944, and 3 July, 1948, C. D. Michener; 

Pontchatoula Beach, Tangipahoa Parish, La., 31 July, 1948, G. H. 
Penn; 2, Springfield, Livingston Parish, La., 12 August, 1948, G. H. 
Penn; 1, Fontainbleau State Park, St. Tammany Parish, La., 14 August, 
1948, G. H. Penn; 3, Lecompte, La., 25 July, 1906, J. S. Hine; 1, Slidel, 
La., 2-6 July, 1905, J. S. Hine; 1, Loganport, La., 31 May, 1906, J. S. 
Hine; 1, Almyra, Ark., September 12, 1911, E. S. Tucker (Bishopp 
No. 5411). In the collections of the United States National Museum, 
American Museum of Natural History, Museum of Comparative 
Zoology, Michigan State College, Emory University, the University 
of Georgia, L. L. Pechuman, and the author. 
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True Chrysops wiedemanni is uncommon in this area. One female 
each from Georgia and Mississippi has been seen since the separation of 
C. upsilon. The lack of the midfacial pollinose stripe and the narrower 
apical spot distinguish these as in the case with the northern specimens. 


Chrysops wiedemanni Krober 
The first instance of a stylopized tabanid to come to the writer’s 
attention is a female of this deerfly from Ann Arbor, Mich., July, 1927, 
N. Kk. Bigelow. The cephalic end of a male puparium may be seen 
protruding between the sides of the third and fourth tergites. 
Acknowledgments will be made in the paper on Tabaninae to follow. 


SUMMARY 
Described as new are: A patolestes rossi (2 holotype from California 
and 0), Chrysops frigida subsp. xanthas, n. subsp. (2 holotype from 
Montana, and o”), C. asbestos n. sp. (2 holotype from Montana, and ©), 
C. upsilon n. sp. (2 holotype from Georgia), and C. venus n. sp. (9 
holotype from Michigan). The o of A. affinis is described from Lower 
California. A stylopized C. wiedemanni appears to be the first instance 


of this parasitism noticed in a tabanid. 
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EMERGENCE OF THE LACEWING, CHRYSOPA 
HARRISII FITCH (NEUROPTERA) AND THREE 
HYMENOPTEROUS PARASITES FROM 
THE COCOON'! 


W. W. JUDD 
McMaster University 


MATERIAL AND METHODS 


Between July 31 and August 18, 1948, 206 chrysopid cocoons were 
collected from several Austrian pines on the campus of McMaster 
University, Hamilton, Ontario. The cocoons had been spun on the pine 
needles, the majority being situated within an inch of the tip of the 
needle. Each needle was placed in a shell vial (75 mm. x 15 mm.) in 
such a manner that the cocoon was well away from the glass, and the 
needle was held in place by being jammed between the glass and a cork 
closing the vial. The vials were numbered and placed in trays and were 
kept at room temperature. They were examined daily and emerging 


insects were collected and pinned. 


RESULTS 


From August | to August 25 insects emerged from 176 cocoons, one 
from each cocoon. The remaining 30 cocoons failed to produce 
emergents by October 29, when they were discarded. The numbers 
of the various species of insects which emerged from the cocoons are 
summarized in Table I. Of the emerging insects, 129 were lacewings 
which were determined, with the aid of Smith’s key (1932), to be 
Chrysopa harrisii Fitch. Representative specimens were examined by 
Professor Smith who kindly confirmed the identification. The remain- 
ing emergents were two ichneumonids, Gelis tenellus (Say) and Otacustes 
crassus crassus (Prov.) determined by Mr. H. Kk. Townes of the U. S 
National Museum and one chalcidoid wasp, Pachyneuron altiscuta How. 
(Pteromalidae) determined by Mr. A. B. Gahan of the U. S. National 
Museum. 

Emergence of Adults 


The active pupa of a lacewing emerged from the cocoon by push- 
ing open the circular lid (Fig. 1A) and crawling out. It characteristically 
walked about on the pine needle or on the glass of the vial for from ten 
to thirty minutes. In some cases the pupa merely emerged from the 
cocoon and clung to it, not venturing onto the needle. In from ten 
to thirty minutes after emergence from the cocoon the pupa became 
quiescent, the dorsal thoracic integument split, and the adult emerged. 
The time elapsing from this first sign of emergence to the attainment 
of full expansion of the wings varied from 15 to 45 minutes. During 
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this process the adult voided a black pellet of larval excrement about 
1 mm. x 2 mm. in size. Eleven of the pupae, though successful in 
emerging from the cocoon, failed to go through the final moult and 
produced no adults. Smith (1922) reports that the period of moulting 
after emergence from the cocoon is the most critical in the life history 
and accounts for a fatality of 30% to 60%. In the present study 11 of 
the 129 pupae failed to produce adults—a fatality of 8%. 


TABLE I 


NUMBERS OI AND PARASITES WHICH EMERGED FROM COCOONS 


Olacustes Pachy 
C. Crassus neuron 
altiscuta 


ales Male : Fem iles 


The ichneumonids Gelis tenellus and Otacustes c. crassus left the 
cocoon through a ragged hole about 1 mm. in diameter (Fig. 1B) 
perforating the cocoon near its free end or along its side. The adult 
insect immediately walked rapidly about in the vial, tapping the surface 
of the glass actively with the antennae. The adults of Pachyneuron 
altiscuta emerged from the cocoon through a ragged hole about 0.5 mm. 
in diameter (Fig. 1C) and flew or walked about actively in the vial. 

The first emergence of the lacewings occurred on August 1, the peak 
of emergence on August 3, and the last emergence on August 24 (Fig. 2E). 
The males first emerged two days before the females and.reached their 


peak of abundance two days before that of the females (Fig. 2F, G) 
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The first parasite to appear was Olacustes c. crassus which emerged 
first on August 7, a week later than the first emergence of the chrysopid 
(Fig. 2B). It reached a peak of abund ) f 12. The first 
emergence of Gelts tenellus occurred on August 12 (Fig. 2C) and this 
species reached its peak of abundance on August The two speci- 
mens of Pachyneuron altiscuta emerged on August 24 and 25 (Fig. 2D), 
and were probably hyperparasites. 


Sex Ratios and Percentage of Parasitism 


Forty-seven of the 176 cocoons which produced emergents were 
parasitized—a parasitism of 26.77%. Of this total, 17.60% is accounted 
for by Otacustes c. crassus, 7.9%¢ by Gelis tenellus, and 1.2% by Pachy- 
neuron altiscuta. 

The sex ratios of the chrysopid and of the parasites are summarized 
as follows: 

Fe y 
CArvs¢ 
Gelis 
oar 


The sex of the chrysopids was determined by comparing specimens 
with Smith’s diagrams of the terminal segments of a chrysopid (Smith, 
1922) and by comparison with specimens whose sex had been determined 


by Dr. Smith The sex of the eleven pupac which failed to produce 
adults was not determined 
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OBSERVATIONS ON MOSQUITOES BREEDING IN 
PLANT CONTAINERS IN YUNNAN! 


ye. CHOW 


A general survey of the mosquito fauna of the Chefang region in 
western Yunnan was carried out during the years from 1940 to 1942, at 
the same time that studies were being made of anophelines and malaria. 
General observations on the area and on the anopheline mosquitoes 
have been published by Sweet ef al. (1942). A list of the culicine 
species was published recently (Chow, 1949). The object of the present 
paper is to summarize certain observations made at this time on species 
with specialized larval habitats in plant containers 

Shannon (1931) proposed that the larval habitats of mosquitoes 
could be classified according to two sets of factors, one related to the 
‘*condition”’ of the water, the other to its “‘location.’”’ He recognized 
two major classes according to location: ground depressions (marshes, 

These last, the container 
habitats, constitute the breeding places of a large fraction of the 
mosquito fauna in tropical regions, though in the temperate zone 
only one type of container is commonly seen, the tree hole. At Chefang, 
92 miles north of the Tropic of Cancer, several types of container 
habitats are found, with a varied mosquito fauna. In the vicinity of 
Peiping, in temperate-zone China, tree holes form the only container 
habitat, and only four mosquito species breed in these (Feng, 1938). 

Few special studies of the ecology of container habitats have been 
made in the Orient. Wijesundara (1942) has shown how productive 
such habitats may be in Ceylon. He reports that 1,420 mosquitoes 
representing 19 species were reared from larvae in 29 water samples 
taken from tree holes, and 1,352 mosquitoes representing 17 species 
from larvae in 23 samples from stumps of the giant bamboo. At 
Chefang, my associates and I found mosquitoes breeding in tree holes, 
bamboo stumps, and the leaf axils of five different kinds of plants. 


TREE HOLES 


Six holes were found in four different trees in the vicinity of Chefang 
The holes were all large, averaging about a meter in diameter and 15 cm. 
in depth; they were all high, 6 meters or so above ground. Rain water 
began to collect in these holes after the middle of April and remained 
continuously throughout the rainy season, that is, until October. 
Some large holes still had water at the end of the year. Fortnightly 
collections were made from these holes during the rainy season. 


iThe studies herein reported were carried out 
National Institute of Health of China in cooperatior it alth 
Division of The Rockefeller Foundatior I am indebt pio. C.. Feng 
of the Peiping Union Medical College, Peiping, China, for his valuable suggestions 
and help. I want to express my special thanks t r. Marston Bates, of The 
Rockefeller Foundation, for help in the preparation the manuscript. Cost of 
publication is paid by the Rockefeller Foundation. 
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The larvae found in these holes were: Megarhinus splendens (Wiede- 
mann), Orthopodomyia anopheloides (Giles), Aédes (Finlaya) albo- 
lateralis (Theobald), A. (F.) dissimilis (Leicester), A. (F.) harveyi 
Barraud, A. (¥.) assamensis (Theobald), A. (Stegomyia) albopictus 
(Skuse), A. (S.) annandalet Theobald, Culex (Neoculex) brevipal pis 
Giles, and C. (Culiciomyia) pallidothorax Theobald. Of these, A 
albopictus was the commonest species, being found in nearly all the 
holes on all visits, whereas A. assamensis, A. annandalet and A. albo- 
lateralis were comparatively rare, and the others very rare, especially 

splendens, of which only one specimen was found during the two 
years 

The fact that only the larvae of A. albolateralis, A. assamensis and 

albo pictus appeared within the first few days after rain water col- 
= ted indicates that the eggs of these species had overwintered in the 
holes. 

Orthopodomyia anopheloides appeared at the beginning of July and 
was still present at the end of the year. The larval color of this species 
is brownish red so that it seems to have some adaptation to the environ- 
mental condition, as the water 1n the breeding place is, mostly, a deep 
nie onpe red in color. By this larval color character, the species 

1 be easily differentiated with the naked eye from other species 

Se veral species ove been frequently found in the same tree hole at 
the same time, an exception being O. anopheloides, which usually 
breeds sing Vv There seemed to be no relation between kind of tree 
and species of mosquito breeding in its rot holes 

The larvae collected from the tree holes were raised in small tubes 
with water from the habitat. No fresh water was added, and the tubes 
soon became fouled with mould. This did not, however, interfere with 
the deve lopt ment of the larvae 


BAMBOO STUMPS 


Bamboo is the commonest plant in the region and is much used by 


| 
han people. Bamboo stumps begin to fill with rain wa 
lle of April. _ Most of them become dry after the rair ly seasor 
end ¢ he year we still found some larvae in » bigger 
hid hel rater from the December rains The, ‘Sida. 
cut off from 70 to 170 cm. above ground, varied from 10 to 
in diameter and 12 to 30 cm. in depth. Water filled the stump 
th 


ter 


to about one-third of its de] 
Mosquito larvae were found very frequently in the old stumps where 
water was very foul with rotter leaves and det ris; whereas, 1n the 

ut stumps where the water was rather clear almost no larvae 
» found. "h r or not the female mosquito will deposit 

11 l stumps and were or not the larvae 
den ve loy ) there is unknown ‘he odor of the newly cut stumps mi 


hi ne influence in deterring the cai mosquitoes from laying 


nd were Megarhinus gravelyi Edwards, Tripteroides 
aranoides (The ld), Uvranotaenia obscura Edwards, Heizmannia 
greent (Theobald), Aédes (Finlaya) albolateralis (Theobald), A. (F 
harveyi Barraud, (f formosensis Yamada, A. (F.) assamensis 
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(Theobald), A. (F.) albotaeniatus var. mikiranus Edwards, A. (Steg- 
omyia) annandalei Theobald, A. (S.) albopictus (Skuse), A. (S.) w-albus 
Theobald, Armigeres (Armigeres) kuchingensis Edwards, Armig. (Leices- 
teria) magnus (Theobald), Armig. (L.) flavus (Leicester), Armig. (L.) 
annulipalpis (Theobald), Culex (Lophoceratomyia) minor Leicester and 
C. (L.) uniformis Theobald. 

Larvae began to hatch out after the beginning of May. Aédes 
albopictus appeared first. One month later, the genera other than 
Aédes, like Tripteroides, Armigeres, and Megarhinus, began to appear 
At the end of the year Armigeres species and Aédes albopictus still 
could be found in some of the big bamboo stumps. 

The larvae of Armigeres curve the body more strongly in movement 
than other larvae, and swim backward. They are not predaceous, but 
feed on debris in the bottom of the stump. They are in almost constant 
movement, resting only briefly at the water surface for breathing, 


where they maintain the body perpendicular to the surface 


LEAF AXILS 


1. Banana.—-From the middle of May rain water collected at the 
bases of the leaves of banana plants, and after two weeks Harpagomyia 
genurostris (Leicester) larvae of various stages appeared. Only this 
species was found in the two years. The water dried up immediately 
after the rainy season was over. 

The larvae are of a greenish-white color and somewhat transparent. 
They always straighten their bodies to move upward and downward, 
and spend more time at the bottom of the water than at the surface. 

2. Pineapple.—Only Harpagomyia genurostris (Leicester) was found 
in water collected in pineapple plants. Some water was found in the 
leaf bases after the rainy season as a result of December rains, but no 
larvae were present. 

3.  Aroid.—An aroid resembling Colocasia grew wild in the region. 
This plant held less water than banana and pineapple plants; the 
water did not collect until June, and larvae did not appear until July. 
The water was clear. Larvae of two species, Harpagomyia genurostris 
(Leicester) and Topomyia houghtoni Feng, were found. 

Topomyia houghtoni was collected from this plant in 1940 and 
described by Feng (1941) as a new species. The larvae are of a greenish- 
white color, except for the head, which is black. They straighten their 
bodies like Harpagomyia genurostris to move forward and downward. 
They have a tendency to remain at the bottom of the water for several 
minutes. They are predaceous in habit and feed on the larvae of other 
species (genurostris) which are in the same breeding place. In the 
absence of larvae of other species they become cannibalistic. The 
feeding habit, as Feng (1941) described, is as follows: 

‘*The larva usually lies, with its ventral surface upward, quietly 
at the bottom of the water and waits for its prey. As soon as another 
larva comes within its reach, this is caught between the two maxillae. 
The mandibles will crush the prey between the mental plate, and the 
soft parts are thus swallowed. The larva, however, does not seem to 
hunt for its prey as do the larvae of Lutzia or Megarhinus.”’ 
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4. “*Tun-tun.’’—This is a plant about 3 meters high with large, 
long, hard, spiny leaves which stretch upward at an angle of 45° to the 
stem, so that water can collect at the leaf bases. Water was present 
from the middle of June, and larvae were found a month later. Har- 
pagomyia genurostris (Leicester), Aédes albopictus (Skuse) and A. 
formosensis Yamada were found. The adults of genurostris rest on the 
stem of the plant where many big ants are climbing about. I could 


TABLE | 


SUMMARY OF CONTAINER BREEDING OF CHEFANG MOSQUITOES; 
CROSSES INDICATE RELATIVE ABUNDANCE 


Megarhinus gravelyt 

M. splendens 

Tripteroides aranowdes 
Topomyta houghtont 
Harpagomyia genurostris 
Uranotaenta obscura 
Orthopodomyta ano pheloides 
Aédes (F.) assamensis 


albocinctus 
albotaeniatus 
Vi mULRITTANNS 
harvey 
formosensis 
dissimilis 
alholaterali 


annandale 


AAS SHA aS 


1 

‘4 
Al 
A 

a 
A 


a“ al hu Ss 

A.{3 alho pictus 
Heizmannia green 
Armigeres (A uchingen 
Armig. (L.) flavus 

I 


/ 


innulipal pi 


hy evipal pis 


not see that they took food from the mouth of these ants as Jacobson 
described (Barraud, 1934 

5. ‘*Mou-in-ka.”’—This is a native plant resembling the century 
plant (A gave) Only Aédes albopictus (Skuse) was found breeding 1n 
this plant 


HIBERNATION IN TREE HOLES AND BAMBOO STUMPS 


and winter season extends from December thr ugh March. 
Xx 


The mean maximum temperatures for these months in the 1940-41 


season were, respectively, 26.4°, 24.1°, 26.4°, and 30.0% ( 
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temperatures recorded each month were 7.7°, 2.8°, 4.0°, and 7.1° C. 
The total monthly rainfall for December was 50.0 mm., for January 
5.0 mm., for February 15.0 mm., and for March 3.0 mm. In April, 
1941, the rainfall increased to 30 mm., and the mean maximum and 
extreme low temperatures were 31.4° and 10.8° C 
About the middle of December, 


1940, the tree holes and bamboo 
stumps began to dry out, staying dry throughout the winter season. 


TABLE II 


SPECIES REARED FROM EGGS IN BAMBOO STUMPS AND TREI 


HoLes 
SAMPLI albo annan albe albo- albo 
pictus dalet ‘\lateralis 


Bamboo 


faentalus 
stump 


cUnctus 


9 


Tree- 
holes 


From the end of February to the middle of March, 1941, we collected 
bamboo stumps in different places by cutting off the top section. We 
also collected the dried debris and rotten leaves from tree holes. All 
of this material kept dry in the laboratory 


4 


On April 10, 1941, whe 


rhen the 
weather had become warmer, the bamboo sections were filled with water 
and the tree-hole 


material was immersed in separate jars. Larvae 
were first noticed on the following day 


’ They pupated, and adults 
emerged at different intervals from April 1S to the middle of May 
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Many old bamboo stumps were collected, but some of them were 
broken because of dryness. Water was put in thirty-four good stumps, 
of which twenty-eight produced larvae. Six species, all belonging to 
the Aédes group, were found. They were albopictus, annandalei, 
albolateralis, harveyi, assamensis and albotaeniatus var. mikiranus. The 
number of the adults hatched out and the association of species are 
shown in Table IT. 

Material was collected from four different tree holes, and larvae 
were recovered in each case. Four species, also all Aédes, were found: 
albopictus, assamensis, albolateralis and albocinctus. The data are 


included in Table II. 
SUMMARY 


Results are given of a survey of mosquitoes breeding in plant con- 
tainers in the vicinity of Chefang, Yunnan. Eleven species were 
found in tree holes, 18 in bamboo stumps, | in leaf bases of banana, 
1 in pineapple plants, 2 in an unidentified aroid, 2 in a native plant 
called ‘‘tun-tun”’ and 1 in an agave-like plant called ‘‘mou-in-ka.”’ 
These mosquitoes belonged to the genera Megarhinus, Tripteroides, 
Topomyia, Harpagomyia, Uranotaenia, Orthopodomyia, Aédes (Stegomyia 
and Finlaya), Heizmannia, Armigeres and Culex (Neoculex, Lopho- 
ceratomyia and Culictomyia). 

Material collected from bamboo stumps and tree holes during the 
dry winter season was tested for hibernating eggs. Seven species were 
recovered from this material, all belonging to the genus A édes 
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DIURNAL MOSQUITOES IN AN AREA OF SMALL 
RESIDUAL FORESTS IN BRAZIL! 


TIS R. CAUSEY 
AND 
GUY V. DOS SANTOS 


INTRODUCTION 
An investigation of the epidemiology of jungle yellow fever was 
undertaken in the vicinity of Passos, Minas Gerais, in the period 1945 
to 1948 and has been reported by Laemmert, Hughes and Causey (1). 
This region was thought to be particularly favorable for such a study 
because it had been the scene of jungle yellow fever between 1935 and 
1938 and appeared to have been in the path of another epidemic which 
invaded the neighboring state of Goiaz in 1944 
As part of the program, observations were made on the diurnal 
forest mosquitoes to determine the — oe their relative 
abundance, and their seasonal and enviror ntal a: In 
particular, it was intended to secure unis ‘nlceiiaaion on the species 
' Haemogogus and other potential vectors of vellow fever ae rring 
in that area. It was also proposed to isolate yellow fever virus, if 
present, from mosquitoes. 


TOPOGRAPHY OF THE PASSOS REGION 

Passos is situated near the southeastern border of the State of 
Minas Gerais, at an altitude of 700 meters, about 10 kilometers from 
the Rio Grande. Specifically, the location is 46° 38” west longitude 
and 20° 46” south latitude. 

The countryside is characterized by small hills with vestiges of 
old forest 1n some deeper valleys and alot a few of the ridges and 
steeper slopes In addition there are s« aoe second growth forests 
In many of these wooded areas are springs which give rise to permanent 


meandering streams. Other springs form bogs or marshes in poorly 
drained areas that remain wet throughout the year. The greater part 
of the land is cleared and utilized for the grazing of zebu cattle. The 
principal cultivated crops are corn, sugar cane, beans, rice and cotton. 
Smaller amounts of coffee and tobacco are grown. 


CLIMATE OF THE PASSOS REGION 
The position of Passos north of the Tropic of Capricorn places it 
within the tropical zone, while its altitude of 700 meters on an interior 
plateau gives it a modified climate with wide range of daily temperature. 
There are two well defined seasons in Passos, consisting of wet-hot 
and cool-dry periods of approximately six months each. However, the 


Studies and observations on which this paper is based were conducted with 

upport ap under the'%: spices ot the “‘Servico de Estudos e Pesquisas sObre a 

Pobre Amarela”’ of the Ministry of Education and Hea —— Brazil In cooperation 

with the International Health Division of The Rockefeller Foundation Cost of 
public ation 1s paid by The Rockefeller Foundation 
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seasons vary from year to year in duration, and while in some years 
there are occasional showers during the winter months, in other years 
there may be as many as 7 months without appreciable rainfall. The 
wettest period occurs between November and March. Total precipita- 


SUNLIGHT 


MAX AND MIN. TEMPERATURE 


1946 
GRAPH | 


I onth, and mosquitoc 
1945, to December, 1947 

-vears 1946 and 1947 was 1,031 mm. and 1,553 mm. 

noted that there were more frequent light 

1947 than in that of 1946, and that the 
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distribution of heavy rains was not the same in these two years. The 
wet season usually begins in October. When the period of study 
is divided into the two complete cycles of seasons from October, 1945, 
to September, 1946, and from October, 1946, to September, 1947, the 
total rainfall in each year is seen to be almost identical, being 1,273.9 
and 1,331.5 mm. respectively. The total rainfall for each month 
during the study period is shown in Graph I 





> &Cachoeira sto 


oe 


“$pBatatal (© 


PLATE I 


Forest patches in the Passos study area used for routine 


Throughout the period of observation the temperature during the 
colder part of the dry season, June to August, ranged between an 
absolute minimum of 4.5° C. and an absolute maximum of 33° C 
with an average minimum for those months of 12.2° C. and an average 
maximum of 26.8° C. During the warmer months, December to 
February, the temperature reached extremes of 16° C. and 34.1° C. 
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with an average minimum of 19.2° C. and average maximum of 29.2° C 
The monthly maximum and minimum temperatures are shown in 
Graph I. 

The minimum humidity may fall as low as 3 per cent during the dry 
season but the weekly average oe ranged ieee 11.7 and 73.8 
per cent for this period. The minimum humidity registered during the 
wettest months was 16 per cent ‘with a weekly average humidity between 
60.8 and 85.6 per cent. 


DESCRIPTION OF FORESTS AND STATIONS 


For this study of diurnal sylvan mosquitoes four old forests from 
11 to 16 kilometers distant from Passos were chosen. All of these 
are typical of the forests in v — jungle yellow fever was contracted 
in the period 1935 to 1938; and in preliminary investigation, all were 
found to harbor species of hcaniioe: known to be efficient vectors of 
vellow fever. Their location with reference to Hes city of Passos is 
shown on Plate I. 

A photoecological ead of these four forests was made by Veloso (2) 
He considered two of.them, Batatal and Cachoeira, to be remnants of 
climax rain forests. One of them, Colina, he described as a semi-rain 
forest, or an area recently invaded by rain forest, and the fourth, 
Taquarucu, he recognized as postclimax forest. 

In each forest four capture stations designated as A, B, C, and D 
were chosen. They were situated in the vicinity of large trees, in the 
older part of the forest. At each station a ladder was constructed on 
one of the trees and a platform built at a height of eight to seventeen 
meters. In Batatal the four stations were situated at the bottom and 
on both of the steep sides of a ravine through which flowed a permanent 
stream. At Cachoeira the stations likewise were in the vicinity of a 
stream, but on more gentle slopes than in Batatal, with D at the highest 
and B at the lowest level. At Colina the stations were situated in the 
central region of a hillside forest in a section with gentle slope, with D 
at the highest elevation. At Taquarucu there was also little incline, 
with A at the lower and D at the higher elevation, and with a permanen 
stream nearest Station A. 

METHOD OF STUDY 


Four men, two on the ground and two in the tree (Plate II), spent 
50 minutes in the morning and 50 minutes in the afternoon at each 
station, once a week. These collectors icine at ground and tree 
levels alternated each week to eliminate the factor of personal attractive- 
ness for the egies Work began at 8 A. M. at Station A, termi- 
nating at 15:50 o'clock in the afternoon at Station D. Ten-minute 
intervals were dicwe for change of station and to make temperature 
and weather records. The same routine was always followed so that 
Station A was visited at 8 and 12 o'clock, Station B at 9 and 13, Station 
C at 10 and 14, and Station D at 11 and 15 o’clock. One full day 
a week was spent in each forest. In case of rain, work was suspended 
and the hours lost were completed during the same hours on another 
day later in the week. Thus in each week a total of 106.6 man hours 
n hours per calendar 


was spent in captures in the four forests. The 1 





1949] Causey and Dos Santos: Mosquitoes in Brazilian Forest 475 


month varied between 213.3 in September, 1945, to 533.3 in July, 1946 
and 1947, according to the number of periods spent in each forest. 


5 a x Ye or 


PLATE II 


Mosquito capture stations; tree-platform level and ground level. 
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All mosquitoes coming to each man were captured by him in small 
shell vials with a layer of moist cotton at the bottom and closed with a 


wire gauze stopper. 


Mosquitoes were taken before they obtained a 


blood meal from exposed arms, legs and face; a small hand mirror 


Haermagogus per man- hour 


Haemagogus per man-hour 


CACHOEIRA 


2 13 14 15 16 
HOURS: OF 


BATATAL 


i2 13 14 15 
HOURS 


On tree platform 


GRAPH II 


tudied 


COLINA 


8 9 10 WW 1 13 14 15 «16 
THE DAY 


TAQUARUCU 


DAY 


ground level! 
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was used to facilitate captures from the jace. The captures at each 
station were labelled to indicate the hour and level at which taken. 
Identification was made in the laboratory the following day, and at 
the end of the week all live specimens were inoculated into susceptible 
marmosets for the isolation of yellow fever virus if present. Although 
vellow fever virus was not encountered, several other strains of filtrable 
viruses were isolated. 


TOTAL MOSQUITOES CAPTURED 

During the period of study, consisting of 120 weeks covering 28 
months from September 19, 1945, through December, 1947, a total of 
73,321 mosquitoes was captured and identified. Table I is a summary 
of these captures showing species and numbers collected during each 
calendar year and for the entire period, and per cent obtained at tree- 
platform levels. 

The majority of the mosquitoes was captured at ground level; only 
13,215, or 18 per cent, being taken on tree platforms. Of those captured 


on tree platforms almost half belonged to the genus Haemagogus. Of 
the 9,788 Haemagogus captured, 6,086 or 62.2 per cent were taken o1 


tree platforms. 


GENERA AND SPECIES OF MOSQUITOES ENCOUNTERED 

Mosquitoes representing 13 genera were captured during the 120 
weeks of investigation (Table I). In several genera mosquitoes 
were identified to species, in others the similarity of adult females 
made species jdentification impractical. genus Haemagogus 11 
the region of Passos is represented only by the species spegaszinit, as 
shown by dissections of male genitalia from specimens bred out i: 
the laboratory and a few wild-caught males. Numerous searches wer 
made to locate Haemagogus breeding places but very few were discovered 
Cut sections of bamboo suspended at various heights ranging from 
ground to tree-top level failed to attract ov ipositing females It1s 
suspected that oviposition usually takes place in very small tree holes 
which cannot be located easily. In fact most of the natural breeding 
places found were of this type. This might explain why Haemagogus 
disappears during prolonged dry spells, while tree-hole breeders which 
oviposit in larger cavities conti ice more abundant supply of water 
ire able to continue to emerge long after the rains have ceased. 

Of the 18 genera encountered in these routine catches, 3 were rep- 
resented by very small numbers. These wer a with 5 
specimens, Phoniomyia with 15, and Uranotaenia with a single specimet 
Certain species were also rarely or infrequently encoun cae 

The genera and species most commonly collected in all forests were 
Psorophora ferox, enieotite 29 per cent of all mosquitoes captured ; 

Sabethes sp., representing 14 per cent of the mosquito captures; Haema- 
gogus spegazzini, 13.3 per cent; Wyeomyia sp., 10.8 per cent; Aedes 
serratus, 9.3 per cent; and -ledes leucocelaenus and scapularis, each 4.8 
per cent of all captures. A larger proportion of H. spegazsinit, A. 
leucocelaenus and Sabethes sp., 11 comparison with the total of each 
group caught, than of any of the other groups were found at tree-platform 
level. Trese were all tree-hole breeders 
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CAPTURE RATES BY MONTHS 
Mosquito captures were commenced at Passos at the beginning of the 
rainy season in September, 1945, and were continued without interrup- 
tion through 1947. This period included two complete cycles of wet and 


rABLE I 


GENERA AND SPECIES OF MOSQUITOES CAPTURED, BY YEARS, AND 
NUMBER AND PER CENT CAPTURED AT TREE LEVEI 


Mosguitoes CAPTURED 


SPECIES AND CrsENERA 


dry season and about half of a third rainy season. The wet season may 
be assumed to be in October and end in March, followed by six rela- 
tively dry months from April to September 

rap! ure rate, by months, for Haemagogus and the 


Grapl 
tree-hole and ground-pool breeding species of mosquitoes caught at 
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Passos. The monthly records for rainfall, maximum and minimum 
temperature and sunlight are presented in the same graph. 

It may be seen that there is a rough correlation between the mosquito 
captures and the rainfall during the preceding month, although this 
relation is less apparent than when the data are analyzed on a weekly 
basis. When these studies were initiated, at the beginning, of the 
rainy season of 1945-46, the cavture rates per man hour were 4.1 for 
tree-hole breeding mosquitoes, 1.1 for ground-pool breeders, and 0.8 for 
Haemagogus. The heaviest rains occurred during December, and 
following these, in January, 1946, the capture rate reached its maximum 
of 10.9 per man hour for tree-hole breeders and 6.2 for ground-pool 
breeders. For Haemagogus the maximum monthly rate was 5.0 per 
man hour, also attained in January, 1946. Thereafter there was a 
gradual decline, both in total mosquitoes and in Haemagogus. ‘The 
lowest point was reached during June when the capture rate fell to 
0.1 per man hour in each group, and zero rate for Haemagogus. 

In the month of October, 1946, following the rains which initiated 
the second wet season, captures of mosquitoes, including Haemagogus, 
showed a marked increase similar to that observed during the previous 
year. The highest rate of capture for Haemagogus during this season 
was 2.1 per man hour in November in contrast to the 5.0 per man hour 
rate in the previous wet season. There were also high rates of 6.0 and 
5.4 per man hour for tree-hole and ground-pool breeding mosquitoes 
respectively during this month. The rate per man hour for capture of 
ground-pool breeding mosquitoes reached a second and higher peak of 
8.6 in January. The capture rate for Haemagogus from December 
through April remained fairly constant and about half that show. for 
November. As in the previous dry season the fewest captures were 
made during the cold period in June and July. 

Although the study was terminated before the completion of the third 
wet season, the results during the first three months of this season 
indicate a continuation of the decline in Haemagogus population 
observed in the comparison of the two previous wet seasons. This 
reduction took place in spite of apparent adequate rainfall. Such 
results might be interpreted to mean that there is a periodic cycle in 
population of these mosquitoes and that these studies were undertaken 
at a point on the downward trend of the cycle. 

Even during the best season, the rates of capture for Haemagogus 
in the Passos area are small in comparison with the rates recorded in 
equatorial rain forests, as in Colombia, for instance, where daily rates 
as high as 140 per man hour are recorded by Bates (8). In the Passos 
studies the highest daily capture rate for Haemagogus was 11 per man 
hour on January 3, 1946. On this same day, the highest rate for any 
90 minute period for any one level was attained when 39 Haemagogus 
were taken at 15 o’clock on the 13 meter tree platform at Station D in 
Batatal. There had been a light shower the previous hour. The 
highest ground level rate was 26.5 per man hour in a similar period at 
10 o’clock at Station C in Taquarucu, on January 17, 1946. For any 
one station, including both ground and platform levels, the highest 
capture rate for a 50 minute period recorded for Haemagogus was 
24.6 per man hour at 14 o’clock at Station C in Batatal on January 
9, 1946. 
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SEASONAL VARIATION 
The most important vectors of sylvan yellow fever in Brazil have 
been found to be Haemagogus spegaszinii, Haemagogus capricornti and 
Aedes leucocelaenus. in the Passos area H. capricornit does not exist, 
and specimens of H. spegassiniit and A. leucocelaenus become rare during 
the dry season, especially during the cooler months of-June and July. 
It was of interest there fore to determine the prevalence ot other species 


rABLE II 


Mosgurroes CaptuRED, BY MONTHS AND BY YEARS 
1945 — 1947 


173 
306 


261 209 | 386 


during this time. Table II is a summary of the monthly catches of the 
nost common mosquitoes in the study forests. Of the seven species 
and genera listed, Sabethes (principally purpureus) and Aedes scapularis 


occur in relatively greater numbers during June and July, when /H. 


Iil i 


spegazsinii and A. leucocelaenus are rare {. scapularis is recognized 


potential vector, and experiments now in progress should indicate 
' 


whether or not S. purpureus is capable of maintaining virus during the 
cold months when HH. spegazsinii and A. leucocelaenus are normally 


or present in very small numbers. 
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HOURLY VARIATIONS IN CAPTURE RATES 

The first hour’s capture from eight to nine in the morning yielded 
the fewest mosquitoes throughout the period of observation. The 
highest total catch was made at 138 o’clock. The hourly captures for 
Haemogogus differ from those of other mosquitoes by showing a high 
catch also at 11 o’clock, followed by a fall at noon and a subsequent rise 
and fall. The rates per man hour for Haemagogus and mosquitoes of 
all other genera captured during each hour of the day are shown in 
Table III. 

The hourly rates for Haemagogus in the combined forests, however, 
do not represent the picture in the individual forests, as may be seen 
in Graph II. The hour at which the largest captures were made in 
trees differed in each forest, occurring at 11 in Colina, 12 in Cachoeira, 
13 in Taquarucu and 14 o’clock in Batatal. The hourly captures at 
Cachoeira at both ground and tree-platform levels show the least 
variation in numbers and the least deviation between the two levels 
At Batatal also the ground- and tree-level captures roughly parallel 
each other. The greatest diverge ‘e between levels was at Colina 
where tree captures at 11 o’clock greatly exceeded those at all other 
hours, while grou! id captures showed little variation pies there was 
a marked drop in the midday tree-level captures an d a small « drop in 
the ground-level catches. The hourly captures at eae irucu differed 
from those in other forests by showing opposite trends in the results 
of ground- and tree-platform-level catches. For instance, at 13 o'clock 
when there was a fall in the ground-level captures there was a marked 
rise in tree captures. At 11 o’clock a fall in the tree captures Was 
compensated by a decided rise in ground captures. 

VERTICAL DISTRIBUTION 

The total mosquito captures at ground level exceeded those at 
tree-platform levels for each hourly period. However, in the case of 
Haemagogus the tree-platform-level catches exceeded the ground-level 
catches at all hours. The per cent of H. spegazzinii and of all other 
species combined caught at tree-platform level at each hour is shown 
in Table III. It will be noted that there is a reduction in the per- 
centage of Haemagogus caught in trees during the midday hours when 
the sun’s rays are directly overhead. There is also a reduction in the 
case of other species combined, but it is of much smaller range and 
shorter duration 

For a comparison of the vertical distribution at different seasons, 
the captures during 10 weeks in each of the two complete wet seasons 
studied were compared with 10 weeks in each of the two dry seasons 
at comparable periods in the calendar year. In the two wet seasons 
there were 5,469 H. spegassinii captured of which 3,431 or 62.7 per 
cent were taken at tree-plat fe rm levels. The combined re a 
during the dry seasons of 656 H. spegazzinit oe ‘ae or 68.1 per ce 
eg oi at tree-platform levels. When analyzed by individual fore sts, 

“achoeira showed the greatest seasonal ee giving 61.3 and 60.2 
cent in trees in the wet seasons and 90 and 74.6 per cent in the dry 
seasons. When analyzed by years the ecco ces between tree- and 
— id-level-capture rates appear to be greater in the year 1946, when 

he dry season period averaged slig] tly aa ‘than in 1947 (10° C 
as against 12.6° C.). 
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Bates (3) reports that ground level catches for H. capricornii® are 
greater during the dry season. The Passos studies, however, indicate 
that H. spegazzinii shows a preference for higher altitudes in the forest 
during the dry season, which in this area is also the cold season. This 
may be due to the slightly higher temperature at the higher elevations. 


rABLE III 


Mosovutto CAPTURES PER MAN Hour, p¥* Hours, ar GROUND AND 
‘TREE-PLATFORM LEVELS 
1945 1947 120 weeks 


SUMMARY 

Observations on diurnal mosquitoes in residual forests in the region 
of Passos, Minas Gerais, were undertaken as a part of a study of a 
region that had been invaded by jungle yellow fever 10 years previously 
Specimens were collected on t 
levels at four stations in four different forests, during four days a week 
over a continuous period of 120 weeks. Hourly, weekly, monthly 
and seasonal records were made Parallel meteorological data was 
assembled. <A total of 73,321 mosquitoes, including 9,788 Haemagogus 


117 7 me )119 : - latfar 
human bait at ground and tree-platform 


Spegazzinii, were taken he highest monthly rate per man hour was 
17.1 for all mosquitoes and 5.0 for H. spegazzinii in January, 1946 
H. spegazzinit and other tree-hole breeders were fewer in number during 

‘the 


Irtne 


the second rainy sez n, and showed evidence of being still f 
t] 


l 
reduced during the first half of the third wet season, when this study was 
terminated. This may indicate that there exists a cycle of several years’ 
duration in the Haemagogus population in addition to the usual seasonal 
these studies were undertaken on the low side of this 
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NUTRITION OF THE EUROPEAN CORN BORER, 
PYRAUSTA NUBIALIS (HBN.) 


DEVELOPMENT OF A SATISFACTORY PURIFIED 
DIET FOR LARVAL GROWTH! 


S. D. BECK,? J. H. LILLY, anp J. F. STAUFFERS 


University of Wisconsin 


Although rapid advances have been made in the study of insect 
nutrition during the past decade, the nutritional requirements of the 
great variety of insects which feed on living plant material has received 
little attention. The paucity of reports on attempts to rear phyto- 
phagous insects on either purified or synthetic diets may be due in part 
to the difficulties encountered in (1) maintaining reasonably aseptic 
culture conditions and (2) devising a medium which possesses a texture 
acceptable to an organism normally feeding on living plant parts. 

Because of the recent review of insect nutrition by Trager (1947 
there is no need here to discuss the large volume of literature that has 
accumulated on this subject. It should be pointed out, however, that 
a start was made in studying the nutrition of the phytophagous insects 
by Bottger (1942), who conducted a preliminary investigation of the 
nutritional requirements of the European corn borer. 


The present work was carried out as part of an investigation of the 
relationships between the European corn borer and its host plant. A 
method of culturing the larvae on a purified diet was desired in order to 
pursue further certain aspects of the basic problem 


METHODS 

The newly-hatched larvae employed in this investigation were 
obtained throughout the year by the following procedure. A supply 
of field collected mature larvae was kept in a refrigerated room (40° F.) 
by transferring the larvae from the cold room to an incubator (85° F.), 
pupae and the resulting moths were obtained. The moths readily 
oviposited on the waxed paper covering the top of a wire screen cage 
in which they were confined. Eggs were incubated in excess of the 
number of larvae actually needed, in order to insure adequate numbers 
of normal larvae. Only those larvae that crawled up the sides of the 
incubating dish to the cover were used. This procedure helped to 
prevent the use of weak or abnormal individuals. The larvae were 
placed on nutritive media within eight hours after hatching. 


1This investigation was supported in part by the Research Committee of the 
Graduate School from funds supplied by the Wisconsin Alumni Research Founda 
iion. Approved for publication by the director of the Wisconsin Agricultural 
Experiment Station 

2Departments of Economic Entomology and Zoology 

3Now in the Department of Zoology and Entomology, lowa State College 

4Department of Botany 
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within the freezing mixture, the plant material became frozen in an 
even layer on the sides of the flask. When completely frozen, the flask 
was attached to a vacuum pump and evacuated continuously until 
the leaf material was dry. In order to prevent the accumulation of 
water in the pump, and to help maintain the leaf substance in a frozen 
state during the drying process, a trap flask immersed in an alcohol 
and dry ice mixture was placed in the system between the evacuating 
pump and the flask containing the plant substance. The dried leaf 
material was transferred to a brown bottle, a small container of 
desiccant (CaCl) was added, and the bottle sealed with paraffin. 
If these precautions were not taken, the stored lyophilized leaf material 
accumulated sufficient moisture within a few weeks to allow growth 
of molds 

The maintenance of adequate controls for the nutrition experiments 
has posed a dificult problem. Since there was no natural diet available 
which was well suited for this type of work, the best available purified 
diet was used as the control in each experiment. When an experi- 
mental variation yielded better results than the current control diet, it 
became the control diet for subsequent experiments. Although this 
method allowed comparison of the various diets within an experiment, 
and also allowed a gradual improvement of the basal or control diet, it 
did not allow direct comparison of the results of one experiment with 
those of another in which the control diet was different in some respect 
All of the experiments reported were carried out at least twice. 

It was found that the growth curve and the percentage of the larvae 
reaching maturity were the best criteria of the suitability of a diet 
Larval maturity was considered to be either pupation or diapause. Both 
the univoltine and multivoltine strains of European corn borer were 
represented among the larvae used, and as a consequence, some larvae 
went into diapause instead of pupation. As it was not possible to 
determine exactly when a state of diapause was reached, data con- 
cerning the time required to reach maturity were not sufficiently exact 
to be of any real significance. 

Preliminary to the investigation of the nutritional requirements, it 
was considered desirable to determine the digestive enzymes present 
in the larval digestive tract. The methods employed were essentially 
those of Swingle (1928). A homogenate of fifteen larval digestive tracts 
was employed in each test. The tissue homogenate was incubated with 
the substrate in a solution buffered at pH 7.2, which was found to be 
the approximate pH of the larval mid-gut. The only deviation from 
the methods given by Swingle was in the tests for proteases. Instead 
of Swingle’s method of using dyed proteins, the end point of which 
was the passing of the dye from the protein into the solution, we 
employed « method in which two small strips of hard paper were held 
together with coagulated egg white. The end point was the separation 
of the paper strips as a result of the digestion of the binding layer of 
protein. In addition to Swingle’s tests, the presence of galactanase 


was tested by incubating buffered tissue homogenate with agar-agar 
I 


followed by tests for both reducing substances and for osazones. In 
each test a control of boiled tissue homogenate plus buffer and sub- 
strate was run. The results from any series in which the control 


yielded a positive reaction were discarded. 


2 ROTM LI t0C Ne 8, 
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EXPERIMENTAL RESULTS 
Digestive Enzymes 

Table I presents the results of the qualitative tests for the various 
digestive enzymes. These data show that the European corn borer 
larva has a rather simple array of digestive enzymes, since invertase, 
trypsin, erepsin, and lipase were the only ones detected These findings 
confirm the work of Bottger (1940). 

The terms trypsin and erepsin are used advisedly. The term 
trypsin is used only in the sense of an enzyme, or complex of enzymes, 
capable of hydrolysing proteins at about pH 7. There is no basis for 
considering this enzyme identical to the trypsin found in higher animals. 
Erepsin in higher animals has been shown to be a complex of peptidases, 


TABLE I 


RESULTS OF QUALITATIVE TESTS FOR DIGESTIVE ENZYMES IN THE INTESTINAL TRACT 
OF FOURTH AND FirtH INSTAR LARVAE OF THE EUROPEAN CORN BORER 


Number Number 
positive negative 


Baldwin (1947 In the present investigation, no attempt has been 
made to determine whether such is the case in the European corn 
borer. The tests used do not allow a distinction between the enzyme 
referred to as trypsin and the one called erepsin: However, the results 
indicate that corn borer larvae are able to utilize fats, proteins, and at 


least the disaccharide sucrose in their diet 


Nutrition 
A purified diet allowing apparently optimum growth of the larvae 
of the European corn borer has been developed. This diet, Table I, 


normal adult moths resulting. Usually about 90% of the larvae 
reached maturity, and this far exceeds normal survival in the field, 
Stirrett (1938 The fecundity of the resulting moths has not been 
tested, because only small numbers have been available at any one time 


allowed growth to maturity (pupation or diapause) with apparently 
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The requirement for lyophilized leaf material in the diet was dis- 
covered only recently. For this reason, in all except the last experiment 
reported the diet was without leaf material, and contained 14.4% 
cellucotton instead of 9.4%. In the absence of the lyophilized leaf 
preparation, growth was inferior and only 20% to 40% of the larvae 
reached maturity. The issuing moths were small, and, in the case of 
the females, were crippled and short-lived. 

Inert carrier —The function of the agar and the cellu-cotton was that 
of an inert carrier for the nutritive constituents. Qualitative digestive 
enzyme tests have failed to demonstrate that the borer larvae can 
hydrolyze either agar or cellulose (Table I). 


TABLE II 


COMPOSITION OF A PURIFIED Diet ALLOWING SATISFACTORY GROWTH AND 
MATURATION OF EUROPEAN CORN BORER LARVAI 


Amt. used | Per cent of 
Function Substance (g. dry diet 
Distilled water 100 ml 0.0 
Inert carrier | Bacto Agar 3.000 17.3 
Cellu-cotton 1.625 9.4 


Micro-organism inhibitor | Butoben 0 200 2 


Carbohydrate Glucose 4 900 4 7 


Protein | Casein 4.380 | 25.0 


Lipids Cholesterol 175 0 
Corn oil 175 


Minerals Wesson’s Salts 350 


| Brewer’s yeast powder 750 
Choline chloride O70 


known factor(s Dried corn leave 0 875 


17.500 100 


Micro-organism inhibitor.— Because it was not possible to maintain 
aseptic culture conditions, a micro-organism inhibitor was added 
routinely. In the earlier experiments, ‘““Nipagin M” (methyl para- 
hydroxybenzoate) was used. Because additional supplies of ‘*‘ Nipagin 
M’”’ were not available, later diets contained ‘‘Butoben” (n-butyl 
parahydroxybenzoate— Merck). In the absence of an inhibitor, the 
media were quickly attacked by molds. When an inhibitor was 
employed, an occasional vial became visibly contaminated, but in 
every case it was discarded. As far as could be determined, the 
inhibitor was not toxic to the larvae in the amounts used. 

Carbohydrates.—In some of the earlier experiments, both glucose 
and sucrose were included in the diet. It was found, however, that the 
use of such a mixture was unnecessary, and glucose was adopted for 
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routine use. When the only dietary carbohydrate was corn starch 
or powdered cellulose, growth was inferior and no larvae reached 
maturity. Figure 1 illustrates the growth curves obtained. 
Proteins.—Bottger (1942) reared corn borer larvae to maturity on 
diets in which casein was the only proteinaceous material, but observed 
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Fic. 1. Growth of European corn borer larvae on diets containing different 


{ arbol vdrates. 


that the inclusion of a peptone preparation was slightly beneficial. In 
our early experiments, we were unable to obtain growth of larvae on a 
diet in which casein was the only proteinaceous constituent. Figure 2 
presents typical results, and shows that if peptone (Parke, Davis 
and Company’s Bacteriologic Peptone) were included, good growth 


resulted. In the absence of the peptone no larvae matured, although 


mortality was not excessive until about thirty days. 
A long series of experiments was run in an effort to identify the 


active factor in peptone. It was felt that the response to peptone might 
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be due to any one of several possibilities: (1) The possibility of the 
response being due to a more nearly optimum ratio of amino acids 
in the peptone-casein mixture was tested by supplementing the casein 
diet with several amino acids and proteins. L cystine, L tryptophane, 
L histidine, DL methionine, and glycine were added singly and in 
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Fic. 2. Growth of European corn borer larvae on diets containing ca 
} g 


supplemented with peptone. 


various combinations. No combination tested replaced the peptone. 
The proteins zein, gluten, fibrin, lactalbumin, and gelatin were also 
tested singly and in various combinations, but were found to yield no 
better results than did casein when peptone was omitted. Their 
dietary suitability in the presence of peptone was not determined 
(2) The possibility that the larvae might require fragments of proteins 
such as peptides or peptones was tested by using hydrolyzed casein 
instead of whole casein in the diet. Both enzymatic and acid hydrolyzed 
casein were tested, the latter being supplemented with L tryptophane 
and. L tyrosine. However, growth was not obtained unless peptone 
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was also included. (3) The possibility that the growth response was 
due to some factor present in the peptone preparation as an impurity 
was also considered. In testing this hypothesis, several materials were 
used. Eventually it was found that either lecithin or choline could 
replace peptone in the diet. Since the lecithin molecule contains a 
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factor in the peptone-free diets. The amount of choline chloride giving 
the best larval growth was found to be 0.4°% of the dry diet. This 


molecule of choline, it was concluded that choline had been the limiting 
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amount is in addition to that contained in the brewer’s yeast powder 
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good growth, but the number of larvae reaching maturity was inferior 
to the number maturing on either 25% or 30%. The 25% level was 
adopted for routine use. Proteins other than casein have not beer 
tested in the diet of the borer, except under conditions in which the 


1 
le 


protein employed was not the limiting dietary factor. This was th 
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situation in some of the experiments leading to the identification of 
choline as the “‘peptone factor” referred to above 

Lipids.—Virtually all recent studies of insect nutrition have shown 
that insects require a sterol in their diets. In the investigations thus 
far reported in the literature, cholesterol has satisfied this requirement 
without exception. In our earlier experiments no sterol was included 
in the diet. A plant oil was included, however, under the assumption 
that it would satisfy the sterol requirement, as well as any other lipid 
requirement. It was found that corn oil and wheat germ oil were 
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equally effective. Corn oil was adopted for routine use. The optimum 
level of oil was found to lie between 2% and 4%. A 3°% level was 
accordingly adopted. It was found subsequently that the amount of 


oil could be reduced to 1°; if cholesterol was added at a 1° level 
(Figure 5 
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As also shown in Figure 5, no growth and no survival beyond about 
eighteen days were observed if both corn oil and cholesterol were 
nitted from the diet. Cholesterol alone allowed poor gr wth and none 
the larvae reached maturity. With both corn oil and cholesterol 


present, good growth was obtained and about 30°, of the insects 


on 


of 


reached maturity. Since 1% cholesterol is in excess of the amount 
required to satisfy the sterol requirement, these results suggest that one 
or more factors in corn oil are required besides a sterol. The sterols 
isolated from corn oil allowed no better growth than did cholesterol 
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This problem is being investigated currently, and the results thus far 
obtained indicate that corn oil in the borer diet may be replaced com- 
pletely by cholesterol, linoleic acid, and alpha tocopherol, which is 
similar to the results of Fraenkel and Blewett (1946). 

Minerals.—The mineral ions required by European corn borer larvae 
have not It has been found, however, that 


studies allowed equally good growth. We have used Wesson’s 
routinely. When omitted from the diet, growth was poor. When 
present at levels from 1% to 4%, no appreciable differences in growth 
were observed. A 2% level was adopted for routine use. 
Vitamins.—No investigator has yet found an insect requiring any 
of the vitamins other than those of the B complex. The results of 


TABLE III 


Mixtures OF B Vitamins Usep IN ATTEMPTS TO REPLACE BREWER'S YEAST POWDER 
IN A PURIFIED DIET FOR LARVAE OF THE EUROPEAN CORN BORER 


AMOUNTS USED PER GRAM ¢ 


VITAMIN 
No. 1 


Mg. 


Chlorine chloride 1000 2000 
Thiamine 12 24 
Riboflavin IS 36 
Nicotinic acid 100 200 
Ca pantothenate 40) SO 
Pyridoxine 16 32 
Inositol 2000 4000 
benzoic ac 1d 50 100 
Folic acid 5 10 
Biotin 0.6 LZ 


Fraenkel and Blewett (1946) indicate that larvae of the lepidopterous 
genus Ephestia may require vitamin E, but this point has not yet been 
definitely established. 

In the present work, brewer’s yeast powder was included in the diet 
as a source of the B vitamins. As was discussed above, the yeast 
powder contained insufficient choline, necessitating the inclusion of 
supple nentary choline chloride in the diet In the absence of yeast 
powder, or other sources of vitamins, no growth was obtained. Attempts 
were made to replace the yeast powder with mixtures of the known 
B vitamins (except Br). Table III gives the composition of the 
vitamin mixtures used. Mixture 1 is essentially the same as one 
described by Noland et al. (1949), who were able to use it instead of 
yeast powder in the diet of the German cockroach, Blatella germanica. 
Mixture 2 contains the same vitamins as mixture 1, except that the 
amount of each vitamin is doubled. Mixture 3 contains one-half the 
levels of mixture 1. Therefore, mixture 2 cont 
amounts four times as great as in mixture 3. By using this series, it 


ains the vitamins in 
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was felt that if any one of the vitamins was present in either insufficient 
or excessive quantities in mixture 1, the growth on the other mixtures 
would disclose that fact. The choline chloride included in these 
mixtures is in addition to the 4000 gamma per gram of diet added 
routinely to the basal diet. 


ee 
” MIXTURE 2 


MIXTURE |! 


Fic. 6. Growtl 
xture of B cor 


Figure 6 presents the results obtained with diets in which the yeast 
ne of the vitamin mixtures. Growth was poor 
he larvae reached maturity. Since the growth 

observed was essentially the same on each of the diets containing 
vitamin mixtures, the presence in yeast of one or more required factors 
not represented in these mixtures 1s strongly indicated. Recent work 
of Schultz, ef al. (1946) with Drosophila has indicated the importance 
of ribose nucleic acid in the diet of that insect. However, ribose 
nucleic acid added to vitamin mixture 1 did not improve the growth 
response of the borer larvae 
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3ottger (1942) found no need for vitamins in the diet of European 
corn borer larvae, although he observed that the addition of thiamine 
and alpha tocopherol was of slight benefit. He included no yeast 
powder or additional choline in the larval diets, although with respect 
to the latter factor, he noted that the addition of peptone somewhat 


LARY 


WwW 
Oo 
< 
a 
WwW 

> 
<2 


le 
TIME IN DAYS 


improved the growth response. The great differences between his 
results and ours can probably be explained on the basis of heavy con- 
tamination of his cultures, as an examination of his published methods 
shows that no precautions were taken against contamination by 
micro-organisms. 

That there is at least one unknown factor required by the borer is 
strikingly demonstrated by the addition of lyophilized corn leaves to 
the diet. The growth response obtained when either 5% or 10% of the 
eplaced by such a leaf preparation is shown in Figure 


diet was 7 
e leaf material was largely fiber, the addition was made at 


. 
Because th 
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the expense of the cellu-cotton (fibrous cellulose) content of the diet. 
Growth on such a diet was apparently optimum, the larvae attaining 
an average weight of from 85 to 100 milligrams in twenty-four days, 
and from 90 to 100 per cent of them attaining maturity. Although 
Figure 7 shows the growth to be better on 10° than on 5°7, most of 
the experiments showed little difference between the two levels of leaf 
material. The identity of this ‘“‘corn leaf factor” is now being 
investigated 


SUMMARY AND CONCLUSIONS 


1. The digestive tracts of larvae of the European corn borer were 
found to contain a protease, a peptidase, a lipase, and an invertase 


2. A purified diet allowing apparently optimum growth of larvae of 


the European corn borer has been developed. It consists of glucose, 
in, cholesterol, corn oil, Wesson’s salts, brewer’s yeast powder, 


loride, and lyophilized corn leaves. The nutrients are sus- 


1 
} 


( 
ed in an inert carrier consisting of aqueous agar and fibrous cellulose 
Mixtures of ten B vitamins failed to replace brewer’s yeast powder 

ie larval diet under the conditions of the experiments 


+ 


$. Choline was found t » an essential factor in the larval diet 


and is required at relati 
it vet been identified 1s required 
lyophilized corn leaves 
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THE DEVELOPMENT AND BEHAVIOR OF POPULATIONS 
OF DIABROTICA 11-PUNCTATA IN FOOTHILL 
AREAS OF CALIFORNIA 


RAY F. SMITH anp A. E. MICHELBACHER 
University of California, Berkel 


The western spotted cucumber beetle, Diabrotica 11-punctata 
Mannerheim, is at times a serious local pest of deciduous stone fruits 
(Michelbacher et al., 1941, 19483). An attempt is made here to delimit 
the factors influencing the population fluctuations of this species in 
relation to infestations in deciduous fruit orchards. The problem of 
infestations in field and vegetable crops is not comparable to this 
situation. 

SUMMARY OF BIOLOGY 


Certain details of the biology of D. 11-punctata have been pub- 
lished by Michelbacher ef al. (1943 3) and Rockwood and Chamberlai 
(1943), and only such infort walane as 1s required for an interpretation 
of the present paper 1s iactndo’ here. Diabrotica 11- pune tata penetrate 
the cracks and crevices of the soil to lay their eggs in the moist situa- 
tions. Rockwood and Chamberlain (1943) stated that the eggs are 
probably laid wherever the beetles are feeding, but certain of our 
laboratory observations would indicate that the soil moisture must be 
favorable and suitable hosts available for the maximum oviposition 
rate. The eggs are usually laid in clusters of six or less, but occa- 
sionally fifty or more will be laid in one spot. There are three larval 
instars and under the conditions that prevail in the spring, approxi- 
mately 60 days are necessary to complete the larval development. 

The western spotted cucumber beetle normally passes the winter 
in the adult stage, although it is possible that all stages may be found 
during the winter in the most southern parts of its range. The species 
has no true diapause but becomes dormant during se winter as a result 
of lowered temperatures. However, in the intermediate a oheg of its 
range, it may become active on favorable winter days. The beetles 
that make up the overwintering brood come largely from the haa summer 
generation However, beetles from earlier broods may also be involved 
since a small part of the spring brood may live until fall. As the 
temperatures increase in the spring the adults emerge from their winter 
quarters. They become active at about 50° F., but do not fly to any 
extent until the temperature reaches 60° F. The time of spring 
emergence from winter quarters varies from January to March 
depending, of course, on the prevailing weather. The adult beetles, 
as they come forth from winter quarters, feed on any succulent plants 
available. Oviposition begins immediately and continues through 
April, or as long as the overwintering adults remain alive. This oviposi- 
tion results in the spring brood of larvae. In the San Joaquin Valley, 
a summer brood reac hes its maximum size sometime in August and 1 
orchards is usually much smaller than the spring brood. The fall 
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brood reaches its maximum size in October. Both the summer a 
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than an inch. This distribution of rainfall results in moist green 
conditions in the winter and spring followed by complete desiccation 
of the annual vegetation in the dry summer. The area is well-drained 
by numerous intermittent streams. The climate is mild, with warm 


\ 


68 @ : he 


% 


Maximum diabrotica population found per tree in different orchards 
in the Brentwood area, 1941. The figure shown with the dots represents the 
average number of beetles per tree. 


dry summers and cool moist winters of the Mediterranean type. The 
summer fogs of the coast do not reach this area In the drier sections 
the hills are typically bald and clothed with a grassland formation 
on both the north and south slopes. As the elevation increases toward 
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the west, occasional specimens of the coast live oak (Quercus agrifolia 
Neé) occur first on the north slopes and then on the south slopes. 
There is a transition from grassland to savannah to woodland. A 
riparian element of sycamores, willows, and alders occurs along portions 


of the larger streams. 


st of Brentwood. A portion of Long Valle 
s in the center, and Horse Valley sl 


grassland to woodland is illustrated in figure 2 


v at the bottom of the map to Long Valley at the 
gradval increase in elevation and rainfall. The ridges 
‘thwest to southeast and the south slopes are covered by 
‘he north slopes are covered with oaks and the denseness 


stand increases with elevation and rainfall. 
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SIZE AND DEVELOPMENT OF SPRING POPULATIONS IN THI 
UNCULTIVATED AREA 


The most important factors which favor a large spring emergence 
are (1) a large overwintering brood, (2) a large area of rolling, bald 


grassy hills and their intervening valleys for breeding sites, and (3) ade- 
quate rainfall and other favorable weather conditions to maintain 
+] + 


proper soil moisture in the breeding sites until the diabrotica complete 
their development. 


Fic. 3 Excellent breeding 
ridge about two and a half mil 


The original size of the spring brood (i.e., the number of eggs laid 


in the spring) is dependent upon the size of the brood 


winter quarters. This effect was demonstrated in the difference in 
orchard populations in 1940 and 1941. These two years had very 
similar weather conditions. However, 1940 resulted in orchard popula- 
tions only as high as 776 per tree, while in 1941 the orchard populations 
reached 1675 per tree. These differences can probably be explained 
by the small population carried over from 1939 into the winter of 
1940 as compared to the relatively large populations which carried 
over into 1941. The differences in the size of the overwintering brood 
is largely dependent on the size of the fall brood. Parasites and 
predators seem to be of littl: importance in California. However, 
Rockwood and Chamberlain (1943) working in Oregon have observed 
that as high as 32 per cent of the overwintering brood may be 
parasitized by the dipterous parasite, Celatoria diabroticae (Shimer 
and 60 per cent by an unknown mermithid 


emerging from 
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From: analysis of the conditions in the Brentwood district as well as 
other areas of California, it would seem that the type of breeding site 
is very important in determining the emergence of the hill spring brood. 
The rolling, ip grassy ‘hills (fig. 3) seem to be ideal. Diabrotica 
/1-punctata will also develop on the roots of grasses and legumes in 
wooded areas but acu of the lower soil temperatures in these areas 
the beetles do not emerge as soon as those in grassland. In certain 
high situations on Mt. Diablo the beetles remain in wooded canyons 
or along stream bottoms throughout the summer without migrating 

to the valley. 

In the grass-covered hills, the most critical factor for the developing 
larvae is soil moisture. The ideal breeding site must have adequate 
soil —o throughout the developmental period to maintain the 
host li and to apa desiccation of the larvae or eggs. The 
soil m ‘ly influenced by soil type, a and exposure, and 
most of all | the amount and distribution of rainfall in relation to 
loss by iaseseatanee transpiration and drainage. At the time of 
oviposition in early spring all sites are green and moist and apparently 
the females lay their eggs at random. Those laid in areas which remain 
moist complete their development. Thus, the differential drying of the 
hills, which is so characteristic of the California Coast ranges, delimits 

areas in which diabrotica will survive. As a result of the varied 

acceptable to larvae, the particular kind and distribution of plants 

not critical. In the grassy hills there is always an abundance of 

suitable foods since grass roots are ever present and various legumes 
are common at all sites 

The larvae of D. 11-punctata can develop in any of the common types 
of soils which occur in the region west of Brentwood. These vary from 
sandy loams to adlobe clays. No breeding was observed in ‘‘alkal 
spots. Figure 6 shows the breeding area to the west of Brentwood. 
The arrows, which show ’ e migration routes from the hills, indicate 
is no correla 1 between breeding sites and soil type. The 

es in the various soils as breeding sites are 1n their ability 

noisture In dry years the few beetles that manage to com- 

te their development emerge from low spots, from clay soils, or from 
imilar loca tior s where the proper soil moisture was maintained 


1 1 - me 
r vears ¢ mple rainfall the sandy soils may be more favorable 


development of larvae because they are warmer. 


Slope affect he breeding site both in its relation to exposure to 
and to drainag Some diabrotica probably develop every 
he iar part of the wooded canyons, but such slopes are 

nerally unfavorable. The canyons are usually too cold to allow 
rapid developmen In 1945 there was a small emergence on the more 
ione on the heavily wooded north 

slopes. In a warm, moist spring there may be some emergence on 
sides ‘igure 4 shows a wheat field in the upper portion of 
Briones Vv alley The pt ypulations of beetles which deve lop in cultivated 
ld ry variabl This variation is probably related to the 
ime of plowing and sowing. In figure 4 the fence row shown in the 
foreground was a favorable breeding site in 1945 while the field itself 
produced no beetles. Breeding may also occur in both uncultivated 
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land and cultivated land near the margin of the orchard area. Certain 
low spots are always favorable breeding sites. They are frequently 
too wet to cultivate in early spring when the rest of the land is plowed 


10 oN ematr pce ENE 


In unfavorable dry years such spots 
rounding hills dry up. In 1945 beetles e1 


*} 
when the surrounding hills had no emergence. 
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size of the spring brood is very I Vy gover 
largest populations can be predicted to occur 1n years 
rainfall and when the spring rains are well distributed 

The spring brood reaches maturity anywhere from the 
April to July In the Brentwood area the earliest beetles of this 


start emerging in the hills about the first week of May, although one 


1 


record is available for emergence on April 2: The peak of emergence 


is usually reached in approximately the third week 1n May and stragglers 


June The time of emergence from various sites 


Uti 


continue on into 
varies and is correlated with differences in soil, moisture and ter 


perature during the larval development 


—) North Peak 


Fic. 6 


CONCENTRATION AND MIGRATION OF DIABROTICA -PUNCTATA 


Depending upon the amount of rainfall and the severity 
drying north winds, the hill area turns brown some from 
June. This drying is not uniform. It first occurs in the drier areas 
the lower hills, slopes with southern exposures, lighter an 
ridges most exposed to the desiccating north winds. The 
emerged adults feed upon the flowers (especially the pollen) and youn 


leaves of various plants including timothy (Phleum pratense | 


many other grasses, manroot (Echinocystis fabacea Naud 
weed (Anthemis cotula L.). As the hills become dry, 
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to the greener locations until at last thev are concentrated in small areas 


They are especially attrac to succulent plants and plants with 
1 voller ‘oncentration points are also frequently 
places where the soil moisture 
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southeasterly path. This happens to coincide in direction with most 
of the migration routes. Although a few beetles may be blown by the 
wind, apparently it is not an important factor in the migration. Most 
of the beetle movement occurs in the late afternoon when air movement 
is usually at a minimum. Hundreds of beetles may be seen flying 
slowly through the air just to the west of the orchards on a still warm 
evening at the peak of the migration. In some areas the trend of 
migration routes are against the direction of the prevailing wind. 
Figure 1, which indicates the degree of infestation in marginal orchards, 
illustrates how the severity of the infestation is related to breeding area 
in the drainage area above the orchard. Wherever apricot orchards 
occur along the periphery, diabrotica infestations occur and are greatest 
opposite the larger drainage areas. The essential features of these 
movements are indicated in figure 7. 


4 A 
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summer and over-wintering broods develop inmoist spots 
on cucurbits,corn,alfaifa,and misc weeds 
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Fic. 7. A simplified diagram of the 
Mannerheim in relation to deciduous fruit 


FACTORS INFLUENCING THE POPULATIONS IN ORCHARD AREAS 


There is no marked rise in the populations in the orchards until 


migration takes place from the uncultivated areas; from this time or 

large populations can be found. The seasonal population trends for 
1940 in three orchards are shown graphically in figure 8. There was a 
wide variation in the populations, observed in the three orchards. The 
two orchards with the largest populations were located near the edge 
of the fruit-growing district; the third was well in from the periphery. 
The first peak represents the migration of the beetles from the hills, 
and the second peak a subsequent generation in the orchard area. 
This second peak does not occur in apricot orchards and is most con- 
spicuous in weedy nectarine orchards. Where apricot orchards border 
on nectarine orchards there may be another rise as a result of the 
driving of the beetles from the apricot orchards at picking time. 
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suitable environment before, during, and after harvest. In contrast 
to apricot trees, very large populations may be encountered both before 
the fruit is ripe and after harvest. 

Cool weather during the month of June when the fruit is ripe 
markedly reduces the amount of damage. When temperatures are 
high in June, damage is more severe. For this reason it is difficult 
to establish the economic population level; in a cool harvest season a 
much higher population is needed to cause economic damage than if 
the season 1s a warm one. 

In some years it would appear that, 1n addition to the spring brood 
in the hills, a brood of diabrotica develops in the orchard area. This 
brood apparently supplements the numbers from the uncultivated area 
in outbreak years because of increased breeding areas available in the 
cultivated regions, along fence rows, in pastures, in weedy orchards, 
etc. Clean cultivation and general reduction of weeds would reduce 
the size of this brood. 

A very important consideration in the damage to deciduous fruits 
is the time of ripening. Under normal conditions cherries are not 
injured unless they ripen very late or other special local conditions 
prevail. This 1s because they mature before the beetles migrate into 
the fruit area, although late cherries are occasionally injured. Apricots, 
nectarines and early peaches are badly damaged. Late peaches, 
apples, and pears are rarely damaged. 

If other suitable crops, particularly curcurbits, alfalfa or sugar 
beets, intervene between the orchards and the hills, the migration 
into the orchards may be markedly reduced. 


SUMMARY 

Diabrotica 11-punctata Mannerheim is a serious local pest of 
deciduous fruits in certain areas of California. In most of central 
California there are three generations a year. The winter is passed in 
the adult stage. The first spring generation occurs largely in the 
uncultivated regions. Unless there is adequate rainfall and a good 
growth of vegetation in the winter and early spring, the first brood of 
beetles is small. This first brood appears during the latter part of 
April through May and most of June. In the uncultivated areas the 
beetles concentrate in large numbers on the flowers of such plants as 
timothy and mayweed. As these plants dry up in the late sprin 

the beetles move into the cultivated areas. Since the driving force 
would seem to be the need for moisture, many beetles move into decidu- 
ous fruit orchards and seriously damage the ripe fruit. A large rolling, 
grassy, uncultivated area in conjunction with a relatively small orchard 
area favors severe attacks. Variations in rainfall from season to season 
affect the size of the suitable breeding area and the consequent popula- 
tions. Other crops, such as alfalfa, may absorb a large portion of the 
nigrating beetles and reduce damage. Apricots are the fruit most 
seriously attacked, with cherries, nectarines and peaches also damaged 
to some degree. 
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FACTORS GOVERNING THE INDUCTION OF 
DIAPAUSE IN THE ORIENTAL FRUIT MOTH! 


R. C. DICKSON? 
University of California Citrus Experiment Station, 
Riverside, California 


Diapause is a physiological state of arrested development which 
enables an organism to survive more easily a period of unfavorable 
conditions. Once an organism has entered diapause it usually has to 
remain in that state for a certain period, regardless of the conditions 
of the environment. In some species diapause is broken by exposure 
to particular conditions, notably cold. A few species may remain 
in diapause more than one year. 

The term ‘‘diapause”’ was first used by Wheeler (1893) to specify 
a stage in the embryonic development of Conacephalus. Henneguy 
(1904) extended the term by applying it to the state of arrested develop- 
ment occurring in the eggs of Bombyx and in the larvae of Liparis. 
It has since been further extended to cover similar phenomena occurring 
at any stage of the life cycle of an organism. 

Insects in diapause are characterized by a low metabolic rate, 
greatly diminished activity, practical cessation of development, and an 
increased ability to survive unfavorable environmental conditions. 

Many theories have been advanced to account for the initiation 
of diapause, since is obviously is not always induced directly by the 
onset of the unfavorable conditions themselves. In many cases diapause 
that will serve to carry an organism through the winter starts long 
before that season begins. 

This paper deals chiefly with the factors controlling the induction 
of diapause in the oriental fruit moth, Grapholitha molesta (Busck). 
These factors are temperature and photoperiod, which operate during 
the larval feeding period. Some data on the induction of diapause in 
the codling moth, Carpocapsa pomonella (L.), the greenbottle fly, 
Lucilia sericata Meig., and the vegetable weevil, Listroderes obliquus 
Klug, are also presented. 


REVIEW OF LITERATURE 


Published work on diapause and related phenomena in insects is 
extensive. This writer does not intend to review all the work, but 
attempts, rather, to organize and classify the results reported, par- 
ticularly on the basis of the factors reported as inducing diapause. 
Reference will be made to various publications illustrating the points 
made. For more complete bibliographies the reader is referred to 
Uvarov (1931), Wigglesworth (1939), Prebble (1941), and Bonnemaison 
(1945). 


Paper No. 610, University of California Citrus Experiment Station, Riverside, 
hiformia. 
*Assistant Enton fist in the Experiment Station. 
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Developmental Fatigue.--The first investigator to advance the theory 
that diapause might be caused by a developmental fatigue brought 
about by the accumulation of waste products in the body appears to 
have been Sajo (1896), who was working with the chrysomelid Ento- 
moscelis adonidis Fall. This idea was developed by Robaud (1922), 
who worked with various species of flies, particularly with Lucilia 
sericata Meig. He postulated that this developmental fatigue is an 
autointoxication caused by the accumulation of metabolic wastes which 
build up faster than they are eliminated during active growth, so that 
a period of rest (diapause) is needed to allow elimination to catch up 
He also believed that this developmental fatigue is inherited and 
continues to build up during the several summer generations. This 
work has been rather well discredited by Cousin (1932), who showed 
that hibernation in Lucilia is caused by environmental factors. 

Diapause Factor or Hormone.—Bodine (1932) studied diapause in 
the eggs of Melanoplus differentialis (Thos.) and advanced the theory 
that there is a diapause factor (VY factor) present in the diapause-type 
eggs of that species at the time that they are laid. If these eggs are 
held at comparatively high temperatures, the amount or potency 
of the diapause factor increases until it passes a threshold at the ‘‘three- 
weeks’”’ stage and stops embryonic development. The diapause factor 
is gradually dissipated after this point and eventually allows develop- 
ment to resume. Exposure to low temperature at any time, either 
before or after the ‘‘three-weeks”’ stage, rapidly destroys the diapausc¢ 
factor, and development resumes as soon as the temperature is raised. 

Andrewartha (1943), working with the eggs of another grasshopper, 
Austroicetes cruciata Sauss., offered another explanation. He believed 
that the arrest of embryonic development is caused by an unfavorable 
condition of the yolk, which is corrected by exposure to cold. 

Salt (1947), working with Cephus cinctus Nort., has further developed 
Bodine’s theory. He postulates that diapause in this species is con- 
trolled not only by an YX factor similar to that envisioned by Bodine, 
but also by a V factor, which breaks down more slowly than does the 
X factor but at a constant rate, regardless of temperature. He was 
able to reinstate diapause by exposure to very high temperatures at 

y time before the V factor was eliminated. One might suggest that 

: Y factor could be the material from which the YX factor is formed. 

The evidence indicates that a hormone or diapause factor is often 
present to control diapause, but, as we shall see below, many things 
may induce its formation 

Inheritance of Behavior Patterns in Diapause.—The development and 
behavior patterns in regard to diapause are inherited as are all other 
similar patterns. There are many insect species which have but one 


lk 


generation per year, with a considerable part of each year spent in 
diapause. In these species it may well be that each individual must 
enter diapause, the adjustment to the seasons occurring at the time the 
insect resumes development rather than at the time it enters diapause 
An example of this is found in Porthetria dispar (.), which has but one 
generation per year, remaining in the egg stage from July until the 
following spring. Goldschmidt (1933) stated that the length of the 
diapause is determined genetically and is different in the various races 
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of this species. Those races that live where the winters are mild require 
many more hour-degrees of heat to cause the eggs to hatch than do 
those that experience severe winters. Andrewartha (1943) found that 
the eggs of the one-generation grasshopper A ustroicetes cruciata Sauss. 
always enter diapause, the embryo developing very slowly through the 
hot season so that when cold weather appears the egg is in such a 
condition that low temperature soon breaks the diapause. 

A few insect species are known in which there are both single- 
generation strains, (univoltine or monovoltine) and multiple-generation 
strains (multivoltine or polyvoltine). One of these is the silkworm, 
Bombyx mori L., in which the diapause occurs in the egg. The univoltine 
strains of the silkworm have but one generation annually, and the 
diapause occurs in every generation. Multivoltine strains have two to 
several generations annually: eggs laid in the summer hatch in a short 
time; those laid in the fall enter diapause. The inheritance of vol- 
tinism in the silkworm is somewhat complex, there being some evidence 
for somatic inheritance from the mother. It is reported by Uyema 
(1926) that if the ovaries from an individual of one race are trans- 
planted to an individual of another race during the larval stage the eggs 
produced show the voltinism of the moth in which they are grown 
rather than that of their true ancestors. The likelihood that a given 
batch of eggs will enter diapause is also influenced by the temperature 
at which the eggs and larvae of the preceding generation were held. 

In the case of Pyrausta nubilalis (Hbn.), a species which enters 
diapause as full-fed larvae, it is well known that some areas are occupied 
by one-generation strains and others by two-generation strains. Bab- 
cock (1924) reported that when specimens of the one-generation strain 
were transferred to an area occupied by the two-generation strain, and 
vice versa, they persisted in retaining the same seasonal histories that 
they had shown in their original environments. Arbuthnot (1944) 
found that in Connecticut the population 1s homozygous for multiple 
generations, while in Ohio it is mixed, containing factors for both 
single and multiple generations. He was able to isolate a homozygous 
single-generation strain from Ohio population, and found that the 
genetic factors responsible for the single generation are recessive. 
O’ Kane and Lowry (1927), working with this insect in New Hampshire, 
showed that although the population was homozygous for multiple 
generations, only a part of them actually went through two generations 
per year, the rest having but one. All the larvae from the first eggs of 
the season pupated that same summer and produced a second gen- 
eration, while larvae from eggs that hatched after a certain date, usually 
about July 20 to 25, entered diapause and so had only one annual 
generation. Apparently, environmental factors are involved in the 
induction of diapause in this species, at least in the multiple-generation 
strain. 

Prebble (1941) found that some strains of the European spruce 
sawfly, Diprion hercyniae (Htg.) entered diapause more readily than 
other strains. 

Effect of Temperature on the Induction of Diapause.—Most insects 
living in temperate or frigid climate undergo an arrest of development 
during the winter. If this is caused directly by the low temperature 
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and is brought to an end whenever the temperature again rises, it is 
called ‘‘quiescence”’ and is not diapause. Some instances have been 
reported, however, in which low temperature induces diapause. 

Dawson (1931) was able to induce pupal diapause in 7Jelea_ poly- 
phemus (Cramer) by subjecting the last larval stadium to declining 
temperatures. Ditman, Weiland, and Guill (1940) reported that 
diapause during the pupal period of the corn earworm, //eliothis armigera 
(Hbn.), is induced by low temperature during the larval feeding period 
Prebble (1941) found that diapause in emergent (polyvoltine) stocks 
of Diprion hercyniae (Htg.) is determined environmentally, and showed 
that, at least under certain conditions, larval feeding at low tem- 
peratures favors entry into diapause as full-fed larvae. 

Food and Water.—Food and water are closely related in insect 
economy since most of the water taken by insects is taken in the food 
Strelnikov (1936) reported that when Lowostege sticticalis (lL.) was ted 
on plants having a high a content no diapause was induced, 
but when the moisture content of the plants was low the insects entered 
diapause. He stated that in this ae diapause is induced under 
natural conditions by insufficiently moist food, by low temperature, 
and by food having increased nutritive value. 

Squire (1940) reported that diapause of the full-fed larvae of the 
pink bollworm, Pectinophora gossypiella (Saund.), is independent of 
the season and depends on the moisture content of the seeds in which 
they feed. If the seeds are comparatively mature, the larvae enter 
diapause, but if the seeds are immature and moist, they do not. Dia- 
pause in this species is closely related to changes in the host plant, and 
only indirectly to climatic changes. 

Van der Goot (1925) reported that the white rice-borer, Scirfophaga 
innotata Wlk., enters diapause when the larvae feed in maturing rice 
plants. Once in diapause they remain for at least four and one-half 
months, and resume development in response to the first showers of the 
rainy season. 

Photo period. The earlier re ports of the effect of the length of the 
photoperiod on diapause in insects concern aphids, in which the situation 
is complex. Aphids reproduce parthenogenetically throughout the 
summer, only females being produced. In the fall oviparous females 
and males are produced, also by parthenogenesis; they mate, and the 
females produce the eggs, which enter diapause and thus nels the 
species to pass the winter. Marcovitch (1924) found that A phis 
forbesi Weed and three other species of aphids produced males and 
oviparous females when the days were artificially shortened to 7!4 hours 
Davidson (1929) reported similar results. Wadley (1931) found 
that, in the production of sexuals in Toxoptera graminum (Rond 
the temperature has some influence, but that the sage ange factor is 
the photoperiod, which acts either on the mother or the individu 
before birth 

Baker (1935) found that he could break the diapause in young larva 
of the treehole mosquitoes Orthopodomyia signifera Coq. and Anopheles 
barberi Coq. by using six hours of artificial light to prolong winter days 
Dickson and Sanders (1945) reported that they could control the 
induction of La Or in Grapholitha molesta (Busck) by regulating 
temperature a nd | 10tO}] veriod during the larval feeding period 
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MATERIALS AND METHODS 


All experiments were conducted in insulated cabinets in which 
constant temperatures and humidities were maintained. The illumina- 
tion used was entirely artificial, and = intensity was controlled. 

Larvae of the oriental fruit moth and of the codling moth were 
grown in small, immature apples, whith were held in cold storage until 
needed. The full-fed larvae were collected each morning as they 
emerged and allowed to spin in strips of a celluloid device made in 
imitation of corrugated paper. 

Larvae of the greenbe cn Hy, Lucilia sericata, were grown in fish 
heads or rabbit heads, and the full-fed larvae were allowed to crawl into 
damp sand. Larvae and state were sieved from the sand for 
saa Nisirt 

Vegetable-weevil larvae were grown on wild mustard in battery jars. 
The adults were allowed to gather under trash in the bottom of these 
same containers. 

The constant- temperature abinets held the temperature reasonal ly 
well, the maximum variation amounting to about one degree Centigrade 
The temperature recorded in this paper as 24° C. represents a tem- 
perature which varied from 24° C. to 25° C., but which ‘was usually 
near 24 The intensity of illumination used in most of the experiments 
is recorded as 26 f. c. (foot-candles). This represents a mean of the 
intensity of illumination, which varied above and below 26 f. c., ee = id- 
ing on the age of the bulb, the cleanliness of the glass window, and the 
location of the growing insects in the cabinets. A tungsten-filament 
lamp was used in all experiments except those in which the use of 
another light source is noted. Illumination was measured by a General 
Electric photometer, a barrier-layer type, DW-47. The light intensity 
recorded represents the light intensity reaching the top surface of the 
fruit in which the larvae were feeding 

Certain data are presented in more than one table in order to 
facilitate comparisons 


EXPERIMENTAL RESULTS 


The oriental fruit moth 


Behavior under Natural Conditions.—The oriental fruit moth, 
Grapholitha molesta (Busck), feeds in the twigs and fruit of several 
rosaceous plants, its favorite host being the peach. There are from 
two to seven generations annually, the number dependit ig on the 
locality. The insect passes through the several spring and summer 
generations without entering diapause. Beginning in the late summer 
or early fall, an increasing proportion of the emerged, full-fed larvae 
enter diapause and do not pupate until spring It has been advan- 
tageous to this species to develop the habit of entering diapause while 
the weather is still warm, for if the insects remained active until the 
onset of cold weather the population would be greatly reduced by the 
scarcity of suitable food. As will be shown in this paper, the proper 
timing has been achieved by the use of the shortened length of day in 
the late summer as a stimulus to enter diapause. 
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A typical record of the onset of diapause in the fall is shown in 
Table I and figure 1. All larvae that emerged earlier than those shown 
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in this table pupated a few days after emergence; all those that emerged 
later, entered diapause. The temperature when diapause first appeared 
was almost as warm as that of midsummer. The type of food on 
which the larvae were fed appears to have had no effect on their entry 
into diapause. 

Effect of Hours of Light per Day at Medium Temperatures.—Experi- 
mental data show that at medium temperatures the proportion of larvae 
entering diapause is determined by the number of hours of light per 
day to which they are exposed during the larval feeding period. 
(Table II). In figure 2 some of the data from Table II are shown in 
graphic form. 
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When grown in total darkness or total light, very few of the larvae 
enter diapause. This indicates that basically the larvae tend to pupate 
without entering into a state of diapause. The fact that a few of the 
larvae do enter diapause when grown without any photoperiod indicates 
that there is also present an inherent tendency to enter diapause. As 
the daily photoperiod is increased, the proportion of the larvae entering 
diapause increases until the hours of light per day number about 12. 
As the photoperiod is increased to more than 18 hours of light per day, 
the percentage of larvae entering diapause drops very sharply to prac- 
tically zero, and this almost total absence of diapause is maintained 
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as the: photoperiod is increased beyond 14 hours per day. This response 
to the number of hours of light per day explains the behavior in the 
field very well, particularly when the studies on the minimum effective 


intensity of illumination (see p. 523) are considered 


TABLE II 


EFFECT OF THE NUMBER OF Hours oF LIGHT PER DAY DURING LARVAL FEEDING 
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Effect of Hours of Light per Day at High and Low Temperatures. 
The influence of the photoperiod on entrance into diapause is dominant 
at medium temperatures, but when the larvae are grown at high or 
low temperatures it loses most of its effect (Table III). Almost 100 
per cent of the larvae grown at medium temperatures (21°, 24°, and 
26° C.), with 12 hours illumination per day, entered diapause; but 
neither those grown at 12° C. nor those grown at 30° C., exposed to the 
same photoperiod, entered diapause in appreciable numbers. 


TABLE III 


EFFECT OF VARIOUS EXTREME TEMPERATURES, DURING LARVAL FEEDING PERIOD, ON 
THE PERCENTAGE OF ORIENTAL FRUIT Motu LARVAE ENTERING DIAPAUSE* 


LARVAE ENTERING DIAPAUSI 


TEMPERATURE, Toral 
DEGREES C LARVAL Unweighted 
J | Per Cent Mean Per Cent 


: 12 Hours 


15 Hours— D: 


| 
l 


» 
») 
2] 
24 
4 
26 
30 
30 
*Photoperiods during larval feeding 
Temperature during prepupal period 
or 26° ¢ 


The absence of diapause in oriental fruit moth larvae grown at low 
temperatures may be an advantage to the species, since belated indi- 
viduals feeding during the cold of winter do not enter diapause and 
thus are not unduly delayed in their spring emergence. Larvae grown 
at low temperatures show a sensitivity to low temperatures in inducing 
a delay in pupation (see section on ‘‘Temperature During the Prepupal 
Period’’). 
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The lack of sensitivity to photoperiod at high temperatures may 
be a disadvantage to the species in certain localities, since it may unduly 
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In natural surroundings the oriental fruit moth is seldom exposed 
to constant temperatures, the temperature being considerably lower at 
night than during the day. It was not possible to make a series of 
tests under such conditions, but in one test a night temperature well 
below the threshold of development was used. The results of this 
test are shown in Table IV. Evidently, the low temperature during 
the period of darkness tended to induce diapause, even though 1t was 
low enough to stop all development. 

Increasing, Decreasing, and Constant Photoperiods.--Experiments 
were conducted to determine the effect of small increases or decreases in 
the photoperiod each day, in comparison with a constant photoperiod, 
on the percentages of larvae entering diapause. The results (Table V) 
showed that it is the actual length of the photoperiod rather than its 
increase or decrease that affects the larvae. 


TABLE VI 
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*Temperature during larval feeding period and prepupal period, 24° C 


illumination, 26 f. « 

Cumulative Effect of the Photoperiod—An experiment was con- 
ducted to determine whether the photoperiod is operative during all 
or only part of the larval feeding period. Results (Table VI) showed 
that practically no diapause was induced unless the larvae were exposed 
to a diapause-inducing photoperiod in the early part of their feeding 
period, but that such a photoperiod had some effect if applied any 
time during the feeding period. Although there does not appear to 
be an actually critical point, the early part of the period is more critical 
than any other part. 

The Color of the Light.—Experiments were conducted to determine 
which wavelengths of light are most capable of affecting the induction 
of diapause in this species. Oriental fruit moth larvae were exposed, 
during their feeding period, to 12 hours’ illumination per day with light 
which had been filtered through various glass filters. The source of 
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illumination was a 200-watt, gas-filled tungsten filament lamp, except 
in the experiments with ultraviolet light, in which a mercury vapor 
lamp was used, and with infrared light, 1n which a heater cone was 
used.’ Results of these experiments are shown in Table VII. 

Neither the ultraviolet light nor the infrared was effective 1n inducing 
diapause. Of the visible light, the shorter wavelengths were more 
effective than the longer. The ‘‘lantern red’’ filter, which cut off all 
light having wavelengths shorter than 6,000 A, in the yellow orange, 
induced diapause in only about one-fifth of the larvae, and even the 
light passed through the ‘‘traffic-shade yellow” filter was less effective in 
inducing diapause than was light containing the blue end of the spectrum 

Intensity of Illumination.—-It was considered important to discover 
the lower limit of intensity at which illumination is effective in inducing 


diapause, so that the length of the photo-periodically effective twilight 












FABLE VIII 


Errecr OF VARIOUS INTENSITIES OF ILLUMINATION, 12 HOURS PER DAY DURING 
LARVAL FEEDING PERIOD, ON THE PERCENTAGE OF ORIENTAI 
Fruit Moth LARVAE ENTERING DIAPAUSE* 


LARVAE ENTERING DIAPAUSI 


INTENSITY OF Total 
ILLUMINATION, LARVAI 
IN F.¢ Unweighted 
Number Per Cent Mean Per Cent 
26 364 364 100.0 98 7 
26 381 371 97.4 
3 207 IS6 89.9 
3 308 286 92.9 S85 
3 250 207 82.8 
l 124 l OS 1 | 
I 146 2 14 
0 179 5 28 2:0 
0 245 3 1.2 
*Temperature during larval feeding period and prepupal period, 24°C i 
might be estimated. As pointed out by Greulach (1942), the total 
photoperiodically effective daylight is longer than the time between 
sunrise and sunset. He found that, in Ohio in the summer, the total 
(morning and evening) photoperiodically effective twilight ranges from ' 
20 minutes to one hour, the variation depending on the amount of j 


cloudiness. He used 1 f. c. as a base, since light is effective on plants 
down to about 1 f. ¢ 

The results of experiments to determine the minimum effective 
intensity of illumination on larvae of the oriental fruit moth are show: 
in Table VIII. Illumination having an intensity of 3 f. c. was effective 
in controlling the onset of diapause, but that of 1 f. c. was not. This 
means that, for the oriental fruit moth, the photoperiodically effective 
length of the day 1s almost as long as that found by Greulach for plants 
On a clear summer evening in southern California it takes only about 
two minutes for the intensity of illumination to sink from 3 f. c. to 1 f. ¢ 
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The inclusion of the morning and evening twilight ye teal in the 
length of the day makes the experimentally demonstrated effect of the 
photoperiod correspond very well with the response of the me fruit 
moth to natural illumination throughout the season 

Mode of Action of the Photoperiod.—Series of experiments were 
conducted in an attempt to discover how the photoperiod operates in 
governing the induction of diapause. When a day length of 24 hours 
is used, periods of illumination of approximately 12 hours per day induce 
a high percentage of diapause. With these photopertods the ratio of 
light to darkness is at or near one to one. Experiments were therefore 


TABLE IX 
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light to hours of darkness was kept at one ne. Results are shown 
in qT: ible 1X 

It is apparent from these results that the ratio of hours of light 
to hours of darkness is not enough to explain the method of operation 
of the photoperiod secre the ratio was kept at one to one, diapaus« 
was induced in half of the larvae only in a comparatively 
narrow range of ‘‘day ! ngths, namely, 20 to 26 hours. The absolute 
r 


lengths of the pe riods ¢ | ind of darkness are both of imp rtance. 
As is shown in Table the of 15 hours of light per ‘‘day”’ tends to 


prevent diapause, but by bicine the dark period from 15 hours to 


a 
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11 or 12 hours, it is possible to induce some diapause. The same table 
shows the results of experiments using 12-hour periods of light or of 
darkness. It is apparent that neither, by itself, is able to induce 
diapause; each must be combined with the appropriate period of light 
or darkness, as the case may be. Table X also gives the results of 
experiments using 9-hour periods of light or of darkness. It will be noted 
that whenever a period of darkness of only 9 hours was used, little or no 
diapause was induced. Apparently, diapause is induced only if a period 


TABLE X 


Errect OF VARIOUS COMBINATIONS OF LIGHT AND DARKNESS PER ‘“‘Day,'' DURING 
THE LARVAL FEEDING PERIOD, ON THE PERCENTAGE OF 
LARVAE ENTERING DIAPAUSE* 


Howrs PER “Day’’ oF LARVAE ENTERING DIAPAUSI 


POTAL 
LARVAI Unweighted 
Darkness Number Per Cent | Mean Per Cent 


IS5 
143 
425 
321 


Q”7 


Jt QO Go G1 


Sate 


216 
220 

63 

S4 
201 
192 
364 
381 
128 
177 
127 
175 
180 
292 
156 
101 
206 


0 
0 


Robo Stor: 


bobo bo Str 


*Temperature, during larval feeding period and prepupal period, 
1] - off 
illumination, <0 f. ¢ 


fat least 11 hours of darkness per ‘‘day”’ is used. The only exception 
this is the experiment using 10 hours light and 1@ hours darkness 
Table IX). 

A series of experiments was conducted using 11 hours of darkness 
per ‘‘day” with various periods of illumination. Results (Table XI) 
show that as the number of hours of light per day is increased to more 
than 13 the proportion of diapause is progressively decreased. 

From the results shown in Tables LX to XI, it is apparent that for 
the induction of an appreciable percentage of diapause, the larvae must 
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be exposed during the feeding period to not less than 10 (usually 11) 
not more than 15 hours of darkness per day, and to not less than 8 nor 
more than 15 hours of light per day. The results of all experiments on 
photoperiod during the larval feeding period, at 24° C., are presented 
in figure 3. This figure shows the rather sharp dividing line at about 
11 hours of darkness per day; it also shows that practically complete 
diapause is induced only under a rather narrow range of conditions 
These data indicate that diapause in the oriental fruit moth larva is 
induced by a hormone or hormone-like substance that is produced by 
the larva during the larval feeding period. They further indicate 
that this hormone is produced by a two-phase reaction, which requires 


TABLE XI 
Errecr oF 11 Hours DARKNESS AND VARIOUS PERIODS OF LIGHT PER ‘‘Day,"’ 


DURING LARVAL FEEDING PERIOD, ON THE PERCENTAGE OF ORIENTAI 
Fruit Morn Larvae ENTERING DIapause* 


Howrs PER “Day” oF LARVAE ENTERING DIAPAUSI 


tno—BPO DM RIO Owe 





nm 


ther, as does photosynthesis 


’ sensitive to the length of the 
period of darkness and does not reach its effective point unless there are 
at least 11 hours of darkness per ‘“‘day.”’ 

It is apparent that in the field in the late summer the onset of 


diapause is caused both by the decrease in the hours of light and by the 


corresponding increase in the hours of darkness, but that the rather 
rapid increase 11 ‘centage of diapause is caused mainly by the fact 
that the number of hours of darknes ‘s the critical minimum point 
for the indi 


Interruption of the Photoperiod n the experiments reported so far, 


the periods of light and of darkness used were uninterrupted. Two 
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series of experiments were conducted to determine the effect of inter- 
rupting the period of light or of darkness. The results obtained by 
interrupting the period of light are shown in Table XII. Some decrease 
in the incidence of diapause was obtained by the use of 1 hour of darkness 
to interrupt the period of light. The first experiment in which the 


L 


light period was interrupted by 2 hours of darkness is included only to 


v 
eS rg ee er ep re pe ee ee ee ee 





12 
HOURS DARKNESS 


Fic. 3. Mean percentages of oriental 
when exposed to various combinations of 1 
the larval feeding period. Temperature during 
pupal period, 24° C.; illumination, 26 f. c. 


show a mistake: by reducing the main period of darkness to 10 hours, 
the induction of diapause was prevented. It was therefore necessary 
to repeat this experiment with the period of darkness increased to 11 


hours. When this was done, it was shown that the effect of inter- 
rupting the period of light by 2 hours was to reduce the larval diapause 
by about one-third. 


Results of the experiments on the interruption of the period of 
darkness (Table XIII) are similar to those obtained by interrupting 
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TABLE XII 


EFFECT OF INTERRUPTING THE PERIOD OF LIGHT Each ‘‘DAy'’ DURING THE LARVAL 
FEEDING PERIOD ON THE PERCENTAGE OF ORIENTAL FRUIT Motu 


LARVAE ENTERING DIAPAUSE* z 


Hours PER ‘“‘Day"’ LARVAE ENTERING DIAPAUSI 


oral 
LARVAE 


100-0 


Q7 


2 WW Nhe & bob 


per od, 24 G 


TABLE XIII 


EFFECT OF INTERRUPTING THE PERIOD OF DARKNESS EACH DAY DURING THI 
FEEDING PERIOD ON THE PERCENTAGE OF ORIENTAL FRUIT Motu 
ENTERING DIAPAUSE* 


HOURS PER Day ; ENTERING DIAPAUSI 


100 0 
97.4 
100 0 
100 0 


*Temperatu 


illumination, 26 f 


the period of illumination, except that the effect was slightly more 
pronounced. Oriental fruit moth larvae are much less sensitive to 
interruption of the dark period than are certain plants. Parker ez al. 


1 
} 
I 
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(1946) showed that in soybean and cocklebur the production of the 
flower primordia could be prevented by interrupting the period of 
darkness by only a few seconds at the proper illumination. With 
larvae of the oriental fruit moth, an interruption of two hours was 
required to reduce the incidence of diapause by one half. 


TABLE XIV 


Errect OF VARIOUS TEMPERATURES DURING THE PREPUPAL PERIOD ON THI 
PERCENTAGE OF ORIENTAL FRuItT MorH LARVAE ENTERING 
DIAPAUSE OR QUIESCENCE 


PHOTOPERIOD 
DURING LARVAL TEMPERA LARVAE ENTERING DIAPAUSE 
FEEDING* PURI OR QUIESCENCE 
DURING TOrTal ital d 
| PREPUPAL LARVAI 
Hours Hours PERIOD, | Unweighted 
Light |Darkness} DEGREES C Number Per Cent Mean 
Per Day | Per Day Per Cent 


during 


AQ 


24 
24 
12 
12 
121 
127 
24 
24 
12 
12 
127 
12 


! _ 


lemperature during Larval I 


| | 
30 21 
30 39 
2 63 
2: 84 
I: 42 
Mi 26 
1: 42 
194 


25 


*Illumination, 26 f. « 
+Temperature, 12°C. for 30 days; then 24°C 


These data again show that the production of the diapause factor or 
hormone is not dependent on the simple ratio of hours of light to hours 
of darkness, but is controlled by the absolute lengths of the periods of 
light and darkness 

Effect of Temperature During the Prepupal Period.—All the data 
previously shown (Tables II to XIII, inclusive) were from experiments 
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with insects held at 24° C. during the prepupal period, except for a few 
held at 21° C. Certain other larvae were held at 12° and 30° C. during 
the prepupal period in order to determine the effect of high and low 
temperatures at this stage of the life cycle. Results are shown in 


Tables XIV and XV. 


TABLE XV 


EFFECT OF VARIOUS TEMPERATURES DURING THE PREPUPAL PERIOD ON THI 
PERCENTAGE OF ORIENTAL FRUIT Morty LARVAE ENTERING DIAPAUSI 
OR QUIESCENCE. TEMPERATURE DURING LARVAL FEEDING, 30°C 


PHOTOPERIOD 
DURING LARVAI TEMPERA 
FEEDING* TURE oral 
DURING LARVAI 
PREPUPAI 
PERIOD 
DEGREES C 


LARVAE ENTERING DIAPAUS! 
OR QUIESCENCI 








should be remembered in reading Ta id XV that larvae 
grown at 12° and 30° C not exhil rue diapause even when grown 
under a photoperiod that induce lapause at medium 
No differences are shown he larvae held at 30 


held at 24° C "hen held at 1: uring the prepupal period, pupa 


le Same pupation pattern was shown as 
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at higher temperatures, so that pupation was apparently complete 
after about 30 days. If these larvae were then moved to 24° C., many 
of those that had not pupated at the lower temperature did so in the 
course of the next week. This showed that many of the larvae that did 
not pupate in the expected time at 12° C. were not actually in diapause 
but only temporarily arrested in development. 

It is well known that the full-fed larvae of the oriental fruit moth 
may be stored for several months at 1° C. without pupation. The 
effect of holding the larvae at 12° C. was similar. Some of the larvae 
pupated, but the others were quiescent. This state of quiescence, due 
to cold, resembles diapause, except that it is nonpersistent and develop- 
ment is resumed as soon as the insects are warmed; whereas diapause, 
once started, must run its course. 

As is shown in Table XIV, those larvae which had been fed at 12° C 
were quite prone to remain quiescent when held at the same temperature 
during the prepupal period. They showed a sensitivity to cold in the 


TABLE XVI 
EFFECT OF VARIOUS HUMIDITIES DURING THE PREPUPAL PERIOD ON THE PERCENVAGE 
OF ORIENTAL Fruit Moth LARVAE ENTERING DIAPAUSE* 


LARVAE ENTERING DIAPAUSI 
PER CENT RELATIVI Tota, LARVA! 
HuUMIDITY 


Per Cent 
2.0 
09 
0.0 


photoperi d, 


hours; temperature 


matter of the induction of quiescence when compared with larvae grown 
at higher temperatures. It may be that this result was obtained because 
larvae grown at 12° C. had not begun the first part of the changes 
leading to pupation before emergence, as may have been the case with 
larvae grown at higher temperatures. Larvae completing development 
in the field during the winter may delay their emergence until spring 
because of this sensitivity to the induction of quiescence by cold, even 
though they did not enter a state of true diapause. Cousin (1932) 
recorded a similar effect in Lucilia sericata, and stated that those larvae 
which were grown at low temperatures were more readily stored at low 
temperatures. 

Effect of Humidity During the Prepupal Period.—Mainly because 
Cousin (1932) reported that Lucilia larvae stored in either saturated or 
desiccated air failed to pupate, an experiment was conducted to test 
this on oriental fruit moth larvae. A batch of larvae grown at 30° C., 
with a 12-hour photoperiod, was divided into three lots. One lot was 
held at 50 per cent relative humidity; the second lot was placed in a 
tight jar over anhydrous calcium chloride, which reduced the relative 
humidity to practically zero per cent; and the third lot was placed in 
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another tight jar over wet sand, which saturated the air. As shown in 
Table XVI, there were no differences between the lots. No diapause 
or arrest of development was induced. 

Miscellaneous Observations.—It was noticed early in the work that in 
any experiment in which only a part of the larvae entered diapause, 
those larvae which emerged from the fruit early were less likely to enter 
diapause than those which emerged later. An example of this is shown 
in Table XVII. Apparently, those larvae which will enter diapause 
feed a little longer, on the average, than those which will not 

Larvae grown under conditions that induce very little diapause 
pupate promptly, the pupation occurring over a comparatively short 
period. With larvae grown under conditions that induce considerable 
diapause, however, the pupation period is protracted, stragglers pupating 


over a rather extended period. This suggests that there is a balance 


: TABLE XVII 


RELATION BETWEEN LENGTH OF LARVAL FEEDING PERIOD AND PERCENTAGE Ot 
ORIENTAL FRUIT MotH LARVAE ENTERING DIAPAUSE* 


LENGTH EXPERIMENT 28 [EXPERIMENT 29 I XPERIMENT 30 
Ol 

LARVAL 

FEEDING! Total 

PERIOD, | Lar 

IN Days 


MEAN 
PER CENT 
LARVAL 
ENTERING 
DIAPAUSI 


within the insect, and that under these conditions certai 

are ‘‘on the fence,” the factors pushing them toward immedia 

just about equaling the factors pushing them toward diapause 
The duration he period that oriental fruit moth larvae rem: 


] 


they ntered, is determined by the temperature at 


yause, once ave 


int i 


At 26" <4 


Exposure to low temperature appears 


Li 
The higher the temperature, the shorter the 
I 


ley emerge from ipause in about 


its only effect being to prolong th 
larvae remé in n that state 
Discussion ‘ngth of day plays the dominant rol 
which individuals of the oriental fruit moth will enter diay 
possible to grow this species indefinitely without the in 


yhotoperiod either too long or too short to 11 


always remains, however, since diapause 
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occurs when any larvae are exposed to the proper conditions during the 
larval feeding period. 

The induction of diapause appears to be caused by a hormone 
produced during the larval feeding period in response to the proper 
photoperiod at medium temperatures. This hormone apparently 
is produced by a two-phase reaction, one phase of which goes on in tl 
dark, and the other in the light. The darkness-induced phase of the 
reaction must continue for about 11 hours each day before it is suffi- 
ciently complete to allow the production of the hormone; and, similarly, 
the light-induced phase of the reaction must continue for about 7 hours 
There is also a maximum limit for each phase of the reaction, that for 
the darkness-induced phase being about 16 hours and that for the light- 
induced phase being between 16 and 18 hours. 

It seems probable that this diapause-inducing factor acts only to 
induce diapause, not to control it after its induction. Once diapause 
has been started, it must run its course, and the amount of the hormone 
which caused its onset does not appear to affect its normal course. 

The question has been raised whether the effect of the photoperiod 
on the larvae may not be secondary, that is, caused by a hormone 
produced in the fruit and taken up by the larvae in feeding, rather 
than by a hormone produced in the larvae. It has not been possible 
to grow either the oriental fruit moth or the codling moth on any non- 
living medium, which would have settled this point. Three con- 
siderations point to the primary nature of the effect: (1) The fruit is 
not opaque; light passes through it reasonably well and so reaches the 
insect feeding inside. (2) So far as is known, the production of photo- 
periodically induced hormones in plants is in the leaves, and all 
experiments reported here were with excised fruits. (3) Plant hormones 
are ordinarily rather persistent, but results obtained in this work showed 
no influence from the photoperiod to which the fruits had been exposed 
before their infestation. 


ic 


The codling moth 


The codling moth, Carpocapsa pomonella (L.), is closely related to 
the oriental fruit moth and is similar to it in life history and habits 
Individuals of this species also enter diapause in the late summer or fall 
and pass the winter as full-fed larvae. The main difference between 
the codling moth and the oriental fruit moth in regard to diapause is 
that the codling moth produces hibernants in appreciable numbers 
during the summer. 

Only enough experiments were conducted to show that the same 
principles hold for the codling moth as for the oriental fruit moth 
Table XVIII shows the effect of the photoperiod on the percentage of 
codling moth larvae entering diapause. By comparing this table with 
Table II, it may be seen that the results are similar, the difference being 
that at 14 hours light and 10 hours darkness per day a considerably 
larger percentage of the codling moth larvae entered diapause The 
two species react the same to 15 hours light per day. 

Experiments were also conducted to determine the effect of growing 
the codling moth larvae at 12° and 30° C. Results were similar to 
those obtained with the oriental fruit moth, except that at 12 hours light 
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per day and 30° C. about three-fourths of the codling moth larvae 
entered diapause. It appears that either a higher temperature or a 
longer photoperiod is required to prevent diapause in the codling moth 


than in the oriental fruit moth 


The greenbottle fly 


‘at deal of work on diapause has been done with the greenbx ttle 

la sericata Meig decided to investigate this species, 

partly as a check on the earlier work by Robaud (1922) 

(1932), and partly in hope that the species would react 

| photoperiod and thus give us a species 1n which the photo- 
periodic effect could be shown to be definitely primary. Results obtained 
showed that, although there is a considerable a int of true diapause 
in this species, the photoperiod has no effect. 7 ‘entage of larvae 


entering diapause was greatly increased by the use of low temperatures 


TABLE XVIII 


EFFECT OF NUMBER OF Hours OF LIGHT PER DAY DURING LARVAL FEEDING PERIOD 


ON THE PERCENTAGE OF CODLING Motu LARVAE ENTERING DIAPAUSE* 
2 


HOURS PER Day ot LARVAE ENTERING DIAPAUSI 


Number Per Cent 


L000 
96S 
754 

00 


Low temperatures during the pre- 
iuse, but only arrested development 


n (1932) reported that the pupation of full-fed Lucilia larvae 
was prevented by holding them in closed containers at either 100 per 
cent or zero per cent relative humidity. These larvae died after a few 
days. We repeated this work with the addition of an experiment in 

hic urated fresh air was circulated through a container. The 

1 n the closed containers were similar to those rept rted 

y Cousin, but the larvae held at 100 per cent relative humidity with 
air circulation pupa normally. The prevention of pupation in the 
closed containers was apparent] 


air, which poisoned the larvae 


y caused by the foulness of 


The vegelable weevil 


weevil, Listroderes obliquus Wlug, has only one 
| hiding 


and do not develop eggs until fall. The 


Adults pass the summer in diapause, 
} 1] 
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larvae feed through the winter, pupate, and emerge as adults in the 


spring. 

An experiment was conducted to determine whether or not the 
length of the photoperiod affected entrance into diapause in this species. 
Larvae were grown under conditions of 9, 15, and 24 hours light per 
day. In all cases all the adults entered diapause, the length of the 
photoperiod having no effect on the induction of diapause. Apparently, 
the vegetable weevil enters diapause each generation, regardless of the 
conditions under which it is raised and held. Attempts were made 
to break the diapause in the aduits by changing the photoperiod and by 
soaking them in water. Neither method was successful. 


SUMMARY 


Diapause is a physiological state of arrested development which 
enables an organism to survive more easily a period of unfavorable 
conditions. 

It is possible to divide the insect species which enter diapause into 
the following groups: 

1. Species which enter diapause each generation. It may be that 
any conditions which allow these insects to live and develop induce 
diapause. 

2. Species which enter diapause only in response to certain stimuli. 
There may be several generations between periods of diapause, or, 
under the proper conditions, diapause may appear in each generation. 
Diapause may be induced by any factor in the environment or by any 
combination of factors. The factors most commonly involved are 
(a) temperature, either high, medium, or low; (b) moisture, either 
atmospheric or in the food; (c) food, through its quantity, quality, or 
moisture content; and (d) photoperiod. 

All these behavior patterns are inherited, and there are a few species 
in which some strains differ from others in their behavior patterns 
or in their sensitivity to environmental stimuli. 

The induction of diapause in the oriental fruit moth is controlled 
by temperature and daily exposure to light during the larval feeding 
period. Larvae grown in the absence of light do not enter diapause 
As the period of light per day is increased to more than 3 hours, the 
percentage of diapause increases, reaching 100 per cent with about 
12 hours of light per day. As the photoperiod is increased to more 
than 13 hours per day, the percentage of diapause drops suddenly to 
practically zero, and remains at or near this point during further 
increases in light. 

The photoperiodic effect on the induction of diapause in the oriental 
fruit moth is apparently caused by a hormone which is produced by a 
two-phase reaction during the larval feeding period. The light-induced 
phase requires not less than 7 nor more than 15 hours per day, and 
the darkness-induced phase requires not less than 11 nor more than 16 
hours per day, to bring the reaction to a successful conclusion. 

Diapause is induced only at medium temperatures. Either high 
or low temperatures during larval feeding prevent its occurrence. 

The codling moth, Carpocapsa pomonella (L.), enters diapause under 
the same conditions as does the oriental fruit moth, except that it 
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requires a slightly higher temperature or a slightly longer photoperiod 


to prevent diapause 
greenbottle fly, Lucilia sericata Meig., enters diapause in 
to low temperatures during the larval feeding period. The 
‘riod has no effect 
vegetable weevil, Listroderes obliquus 


h year and apparently enters diapau 
a 2 a I 
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NEW SPECIES OF SIMULIIDAE (DIPTERA) FROM 
GUATEMALA. I.' 


HERBERT T. DALMAT, 
of Tropical Disease 
tutes of Health, 


He: 1 Dervice, 


In the course of entomological investigations concerning the 
Simulidae of Guatemala and their possible role in the transmission 
of onchocerciasis, several described species of this family, hitherto 


inknown from Guatemala, as well as a number of completely new species, 


bution and ecology. It is 


1 

} re been four vist there This ‘ ‘r presents descriptions 
nave been found t ist th his paper presents descriptions of 
t 


hree new species with n n their distri 
expected that in future works by this author there will be included lists 


f all ef yes found in Guatemal: leceriptiangs f a re 4 
I all Species Tound 1n muatemaia, Gescriptions { Tronew species, 


4) 

t 
descriptions of 
and distributional and ecological data about each. 


apparently unknown stages of a 


Simulium (Simulium) microbranchium, new species 


Female ‘ 

Head: Dichoptic. Antennae short (0.5 mm tapering, deeply 
inserted into head capsule, with 11 segments; basal two segments 
| each segment with 
fringe of minute, white, scale-like gment very slightly 

nt 


longer than second, 0.8 times as long as the fourth and fifth segments 


measured together alpi black ‘rons, clypeus, and occipital 1 


rust-brown, the others black; apica 


“egion 
black, covered with greyish-white pruinosity and fine, black hairs 
Fronto-ocular triangle long, 72 uw at base; bl Bucco-pharyngeal 


— . . Ine ae 
dilatations along marg1 
¢ 


thickened and _ slightly 


from above, with the 

observer and the source of light coming 
to the surface, there are*seen on either side 
1, narrow, longitudinal band of silver 
f the mesonotum, and two silvery 
humeral angle and the other anterior 


t contiguous with It; short, narrow, 


mze-cr lore d S¢ ale S sparse ly, 1 rat ner evenly distributed 





Simulidae from Guatemala, | 
Herbert T. Dalmat 


PEATE I 


Stimulium 
apparatus. FIG 
female Fic. 4. Si 


culum of male 
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over anterior third of mesonotum, arid extending backward to the 
half-way mark along the lateral margins; posterior, depressed region 
more heavily clothed by similar, but longer scales and " long, fine, 
black hairs; entire mesonotum covered with minute, a black hairs, 
so short that they are noticed only with higher magn fications of the 
dissecting micrt scope; humeral corners with dense fringe of long yellow 
hairs. Scutellum i lish-brown, clothed with numerous long, ge 
appressed scales and with long, fine, black hairs. Postnotum black 
with large, centrally located group of yellow appressed scales. Pleural 
region evenly grey-white pruinose. Wings, 3.6 mm. long, without 
discal cell; subcostal vein pilose along its =o length; radius haired 
only along distal half; r.,; and rays fused almost until their union with 
the costa; stem and knob of halteres white. 

Legs: All coxae dark brown, all trochanters yellow. Leg 1 
Length, 3.4 mm.; femur and basal four-fifths of tibia yellow; apical 
fifth of tibia, and all of tarsus black. Leg 2—-Length, 3.0 mm.; femur 
yellow; tibia yellow along basal three-f urths, apical fourth dark brown; 
basitarsus yellow along proximal half, the distal half, as well as all other 

tarsal segments, dark brown. Leg 3 Length, 3.7 mm.; femur yellow 
except for very small patch at distal extremity; tibia with same color 
pattern as femur; basitarsus pale yellow except along proximal half of 
dorsal face where it is brown; calcipala short but distinctly formed; 
pedisulcus very deep; second through fifth tarsal segments dark brown: 
claw with sub-basal tooth. 

Abdomen: Dull brownish-black with only the tergite of the first 
segment and the pleurites of the second segment silvery-white pruin ose 
First tergite with irregular row of short, black hairs and each pleurite 
of the same segment with cluster of very long black hairs. Sternites 
grey-pruinose. 

Genitalia: Cercus irregularly quadrangular, with finger-like projec- 
tion extending backward from inner side near the upper margin; hairs of 
projection dense and black. Anal lobe sausage-shaped, the ventral 
end extending posteriorly beneath the cercus (fig. 2). Genital rod 
narrow, branching rather sharply to form two arms; expansions of the 
arms triangular, very slightly sclerotized (fig. 3). 

Male.—This specimen was taken from its pupal skin after natural 

‘failed. Its state precluded the possibility of describing more 

italia 
Sidepiece wider than long. Clasper long and narrow, 
long as the sidepiece, with strong spine at apex (fig. 4) 
iculum wider than long with broad, heavily sclerotized basal 
both ‘“‘wings’” of adminicular plate with central longitudinal 
ieecaicn n ventral side; ventral surface of adminiculum clothed 
with minute spines, more numerous toward apical end; center of apical 
irgin of adm im indented and overlaid with a la ppet whi 
sf i plat on the dorsal side around to the erat surface 
proximad in the form of a heavier tongue; along thi 
largin of this, tongue arises a row of very long, curled hairs 
ich extend posteriorly; the entire central portion of the adminiculum, 


he 
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seems to arise, and gradually 
posterior limit; near the 
keel again seems to flatter: 
itself; there isa lon cere row of 
side of the crest of the keel (fig 

spines at the apical ik and 
numerous hairs, evenly s} 
plate triangular and hyaline (fig. 

Pupa. Length along 
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temperature of the streams ranged from 8° C. to 14° C., with an average 

; the velocity of current, from 12 inches per second to that of a 

, the average current, excluding waterfall, 1S inches per second: 

ih mm 6.6 to 7.4 with an average of 7.0. In almost all instances 

ting spots were well exposed to the sun. The substratum of 

ums consisted of sand and mud, with large and sma¥ stones, 

and with few to many narrow-leaved emergent plants. The ‘pupae of 

this species were found mainly on stones, but also on twigs and petioles 

Other species encountered in the same streams were: S. veracruzanum 

Vargas, wrighti Vargas, aureum (Fries), tricornis de Leén, downst 

Vargas, jobbinsi Vargas, callidum Dyar & Shannon, ochraceum Walker, 

rubicundulum Wnab, capricornis de Leén, and two er species still 
undescribed. 

Types.— Holotype, female ‘cession OO00-4); reared from pupa 
collected in the Rio Los Arcos near ; Encuentr Solola, Guatemala 
on November 4, 1948; coll rs, Luis de le rre and Herbert T 
Dalmat; preserved on fi slid f genitalia, Ss, wing, a. and 
bucco-pharyngeal apparatus; cocoon and ] | case maintained in 

hol. Allotvpe, mi (Accession 23); formed adult taken from 

italia, legs, and pupal filaments; 
Rio Samala, just beyond 
Totonicapan, Guatemala) on December 11, 
Ochoa A. and Herbert T. Dalmat. Para- 
, its cocoon, and four pupae (S5Y-10) collected 
Adalberto Girén, Vincente Castellanos and J 
just beyond San Carlos Sija, betweet 
lango; adul ninuten nadeln, 
| cocoon, and the four pupae | in cco! Four pupae 
(000-7) ted with holo vpe One pupa (5V-5) collected 11 type 
localit. 1 Decen I r 1.5, LO4AS, by Vicente Castellanos, a Onofre Ochoa 
ulbert« ITO! One pupa (6V-11) collected March 16, 1949 
fall near Panajachel (Solola, Guatemala); 
Tai ni “ sales G. Two pupa [-23 
One pup: (5T-1) collected by Vicent 
ind J. Or ste Ochoa A., December 
Nebaj (Quiché, Guatemala 
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have been found. The ams at an alti ' approximately 
$000 feet and are well shaded by trees and s At the point of 
collection the streams were ab 20 inches wide, three inches deep, 
flowed at a rate of five inches per second, 1 a temperature ranging 
.and a pH of 7.1 th streams the substratum 

nd mud with many small and large stones, and with 
ndant emergen ‘gvetati One pupa was found on a stone, while 
other was found on a narrow leaf. Other species found in the same 


s are: S. parrai Vargas, capricornis de Leon, tricornis de Leon, 
eracruzanum Vargas, and metallicum Bellardi 
Types. — Holotype, female (Accession Acat 20); taken from puq 


upa 
which had been « ter ctober 30, 1947, in the Rio San Diego, 


nea San Diego, Acatenango by Ruperto Cabrera and Daniel Luch 

7 | 1 ] paratus 
1 
ee 
a 
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ead and yucco-pharyngea ap 
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. a a, a il 
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Simulium (Dyarella) yepocapense, n. sp. Fic. 23. Adminicular arm and 
lateral plate. Fic. 24. Adminiculum of male. F1G. 25. Sidepiece and clasper of 
male (ventral view), and apex of clasper (dorsal view) showing terminal spine 
F1G. 26. Cocoon with enclosed pupa (dorsal view 
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Coxae brownish-black; trochanters yellow with short, black 


‘ngth, 2.9 mm.; femur with very small, black band at 
w. Tibia with base and apex bearing a black 

llow. Tarsus completely black. Leg 2 
vattern as on leg 1. Tibia = 

, followed by darker band, 

il teed — black. Tarsus with sont 
rsus, and basal Om ain of second segment yell 
nts, as all of the third, fourth, and fifth 
3 ‘ngth, 32 mm.; femur yellow with black 
nales have only the basal two-fifths yellow, the 


with sam lor pattern as for le; 


] 
basitarsus yellow, apical end 


the rest black 
-d, fourth if 
“like projec tion 
first two segments 
covered with 
nt with exten 


lirected horizontall 
fig. : Genital 
| f he two arms 

triangular, membranous-like structure; space 
uadrangular, nost completely closed in ‘by the 


lobe 


proje tions of the apical expansions: expansions of each 
the exterior basal angle approximately 90°; the interior 
hat 1 1ore like a tooth-like protuberance; 


of protuberance; hypotenuse of 
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with short, broad spine (fig. 25). Sidepiece wider than long. Main 
body of adminiculum wider than long, the apex with a depression from 
which extends a small crown of short spines. Sides of adminiculum 
appear to be in the form of wing-like expansions which appear delineated 
from the central bi dy and which reach almost to the base of the basal 
processes; basal processes short and more heavily sclerotized than the 
rest of the adminiculum (fig. 24 Adminicular arms with numerous 
teeth of various sizes, grouped in a wave-like progression, the distal 
ones long and forming a club-like apex; lateral plate of arm broadly 
triangular (fig. 23) 

Pup a.—Cocoon: Greatest length, 4.3 mm.; width at widest point 
l.8mm. Cocoon slipper-shaped with well-developed collar. Anterior 
aperture oval with long axis only one-seventh shorter than the length of 
the dorsum of cocoon whe ‘n vie “ir from above (fig. 26). In profi file, rim 
of anterior aperture appe irs parallel to base of cocoon (fig. 27 
Posterior part of rim thickened, gradually becoming thinner as it extends 
laterally, and forming two delicate extensions anteriorly. Case with 
tine, parchment-like texture, woven along approximately one-half of 
its base 

Filaments: The ten filaments « eer the respiratory apparatus 

ach side are tubular and short lap t o 1.0 mm. in length), in most 
nines hardly extending beyond the rim of the anterior aperture 
They are arranged in two main trunks dorsal and ventral, each of which 

ntains groups of 2— laments. All filaments branch at the base 

‘ry close to it (fig. : nd have transverse striations 

pupal filaments and male genitalia of yepocapense most closely 

those of S. ( D hinmani Vargas (4). However, the two species 

be readily distinguished. In the latter species the pupal filaments 

are proportionately longer ans more tapering, and the striations are so 
pronounced that the filaments appear to be composed of a pe of 
discs, the centers of which are inflated and approximated. The thoraci 
region of the pupa is completely covered by short spines and bears up to 
trichomes; both the spines and trichomes are absen t in yepocape nS€ 

‘ subcosta of wing of female Ainmani is bare along its entire le agth 

in yepocapense the distal half is pilose The posterior margin 
tes 3 through 5 of a bear a broad, grey- 


lal erg 
] 


pruinose band while these same areas are distinctly velvety-black in 
vepocapense. The admit 1 of hinmani is also less expanded 
laterally and the io, 1S narrower The cocoon of vepoca pense 1S 
similar that of mexicanum Bellardi but it has the rim around the 
rture parallel to the base of the cocoon rather than at an 
angle t. The anterior projections of the collar are also much less 
pronounced in yepoca pense 
Ecological Notes.—This species has been found to date, only on the 
Pacific slope of the volcanoes Acatenango and Fuego. The altitude 
zone extends from 3,4 t 1SO0 feet In all collections made, the 
streams seeme - larger, and faster flowing than the majority of 
streams in the region. The average width of streams is 14 feet; average 
depth, 13 inches; average temperature, 19° C.; average pH, 7.2 (almost 
always in alkaline waters); the speed of streams ranges from 15 to 3: 
ches per second. The substratum of the streams is composed 1n al 
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cases of sand, mixed with small and large stones, and with sparse 
emergent vegetation. The species has been found throughout the 
year, almost always on rocks and stones that are exposed to the sun; 
rarely found on leaves, or in the shade. Other species found associated 
with it are: S. mexicanum Bellardi, pulverulentum Knab, rubicundulum 
Knab, smarti Vargas, and callidum Dyar & Shannon. 

Types. — Holotype, female (Accession oa 10. 570-8) ; reared from pupa 
collected in the Rio Sacayéa, Finca Niagara, San Pedro Yepocapa (Chimal- 
tenango, Guatemala), on October 4, 1948: collectors, Jorge Aleman and 
Miguel Xinic; mounted on seven slides including genitalia, legs, wings, 
head, bucco-pharyngeal apparatus, pupal filaments, and pupal skin; the 
cocoon has Taw kept in alcohol. Allotype, male (Accession Acat 
220-21); reared from pupa collected August 12, 1948, in the Rio Kikiya 
Finca El Naranjo, Acatenango, by Enrique Castillo and Inés Padilla 
mounted on five slides consisting of genitalia, wings, legs, pupal fila- 

ents, and pupal skin; cocoon preserved in alcohol. Paraty pes, 
female (Acat. 220-13) from same accession as allotype; mounted on five 
slides inc eype head, bucco-pharyngeal apparatus, legs, wings, and 
genitalia in ventral view (also used in description). Female (A: 
220-17) ie same accession, mounted on four slides which include 
head and bucco-pharyngeal apparatus, legs, wings, and genitalia. Six 
females and 2 males (Yepo. 998-1, 4, 7, 12, 9, 10, 11, 8) collected from 
type locality on April 7, 1949, by Julio Gir6én; all mounted on minuten 
nadeln. One rq (Yepo. 419-S) collected from type locality on 
August 24, 1948, by Julio Girén. Two males (Yepo. 327-15, 23) 
collected from Rio Cafetal, Finca Morelia, Yepocapa on July 13, 1948, 
by se rp Tértola and Carlos Ochoa. One female (Yepo 570-9) 
eae at type locality on October 4, 1948, by Jorge Aleman and 
Miguel Xini ic. All the above adults were reared from pupae, the skins 
of which have been preserved in alcohol together with the cocoons 

Holotype, allotype, and paratyy es Yepo. 998-1 and 998-8 (femal 
and male) to be dep sited in the collection of the United States National 
Museum; all other paratypes to remain in the collection of the author 
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